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I MICROCOMPUTERS FOR TV 

2 — 1 Mask ROM type microcomputers 

M37100M8-XXXSP/FP Single-Chip 8-Bit CMOS Microcomputer for 

VOLTAGE SYNTHESIZER with ON-SCREEN DISPLAY CONTROLLER 2 — 3 
M37102M8-XXXSP/FP, M37201 M6-XXXSP 

Single-Chip 8-Bit CMOS Microcomputer for 

VOLTAGE SYNTHESIZER with ON-SCREEN DISPLAY CONTROLLER 2—50 
M37103M4-XXXSP Single-Chip 8-Bit CMOS Microcomputer for 

VOLTAGE SYNTHESIZER with ON-SCREEN DISPLAY CONTROLLER. 2—101 
M37202M3-XXXSP Single-Chip 8-Bit CMOS Microcomputer for 

VOLTAGE SYNTHESIZER with ON-SCREEN DISPLAY CONTROLLER. 2 — 147 
M37204M8-XXXSP Single-Chip 8-Bit CMOS Microcomputer for , 

VOLTAGE SYNTHESIZER with ON-SCREEN DISPLAY CONTROLLER 2 — 195 
M37250M6-XXXSP Single-Chip 8-Bit CMOS Microcomputer for 

FREQUENCY SYNTHESIZER 

with ON-SCREEN DISPLAY CONTROLLER 2—251 

M37260M6-XXXSP Single-Chip 8-Bit CMOS Microcomputer for ON-SCREEN DISPLAY 2—299 

2 — 2 Built-in PROM type microcomputers 
M37102E8-XXXSP/FP, M37201E6-XXXSP 

PROM Version of M371 02M8-XXXSP/FP, M37201 M6-XXXSP 2 — 354 

I SERIES 740 

3 — 1 Mask ROM type microcomputers 

M37120M6-XXXFP Single-Chip 8-Bit CMOS Microcomputer 3—3 

M37408M2-XXXSP/FP Single-Chip 8-Bit CMOS Microcomputer 3—47 

M37409M2-XXXSP/FP Single-Chip 8-Bit CMOS Microcomputer 3—73 

M37410M3HXXXFP, M37410M4HXXXFP, M37410M6HXXXFP 

Single-Chip 8-Bit CMOS Microcomputer 3—101 

M37412M4-XXXFP Single-Chip 8-Bit CMOS Microcomputer 3—137 

M37413M4HXXXFP, M37413M6HXXXFP Single-Chip 8-Bit CMOS Microcomputer 3—167 

M37414M5-XXXFP Single-Chip 8-Bit CMOS Microcomputer 3—199 

M37415M4-XXXFP Single-Chip 8-Bit CMOS Microcomputer 3—230 

M37416M2-XXXSP/FP Single-Chip 8-Bit CMOS Microcomputer 3—263 

M37420M4-XXXSP, M37420M6-XXXSP Single-Chip 8-Bit CMOS Microcomputer - 3—294 

M37421 M6-XXXSP/FP Single-Chip 8-Bit CMOS Microcomputer 3—323 

M37424M8-XXXSP, M37524M4-XXXSP Single-Chip 8-Bit CMOS Microcomputer 3—354 

M37428M4-XXXFP Single-Chip 8-Bit CMOS Microcomputer 3—391 

3 — 2 Piggyback type microcomputers 

M37409PSS Piggyback for M37409M2-XXXSP • 3—397 

M37415PFS Piggyback for M37415M4-XXXFP 3—402 
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M37421 P-OOOSS, M37421 P-001 SS 

Piggyback for M37421 M6-XXXSP 3—410 

3 — 3 Built-in PROM type microcomputers 

M371 20E6-XXX FP PROM Version of M371 20M6-XXXFP 3—41 6 

M37410E6HXXXFP, M37410E6HFS PROM Version of M3741 0M3HXXXFP, M3741 0M4HXXXFP, 

M37410M6HXXXFP 3— 423 

M37412E5-XXXFP PROM Version of M37412M4-XXXFP 3—434 

M37413E6HXXXFP, M37413E6HFS PROM Version of M3741 3M6HXXXFP 3—448 

M37414E5-XXXFP PROM Version of M37414M5-XXXFP 3—458 

M37420E6-XXXSP, M37420E6SS PROM Version of M37420M6-XXXSP 3— 472 

M37424E8-XXXSP, M37524E4-XXXSP PROM Version of M37424M8-XXXSP, M37524M4-XXXSP 3—480 
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BSeries MELPS 740 single-chip microcomputers 



Type 


Circuit function and organization 


Structure 


Supply 
voltage 

(V) 


Electrical characteristics 


Package 


Page 


Typ 
pwr 

dissipation 
(mW) 


Mm 
cycle 
time 

(us) 


Max. 

fre- 
quency 
(MHz) 


M50708-XXXSP/FP x 


6K-Byte Mask-Prog. ROM, 128-Byte RAM, 
Serial I/O 


C, Si 


5±10% 


15 


2 


4 


64P4B/72P6 


Notel 


M50740A-XXXSP/FP x 


3K-Byte Mask-Prog ROM, 96-Byte RAM 


C, Si 


5±10% 


15 


2 


4 


52P4B/50P6 


Notel 


M50740ASP x 


External ROM Type, 96-Byte RAM 


C, Si 


5±10% 


15 


2 


4 


52P4B 


Notel 


M50741-XXXSP/FP x 


4K-Byte Mask-Prog ROM, 96-Byte RAM 


C, Si 


5±10% 


15 


2 


4 


52P4B/50P6 


Notel 


M50742-XXXSP/FP x 


4K-Byte Mask-Prog. ROM, 128-Byte RAM, 
Serial I/O 


C, Si 


5db1 0% 


15 


2 


4 


CAD AO /7 0DC 

041^40/ / ^rb 


Notel 


M50743-XXXSP/FP * 


4K-Byte Mask-Prog ROM, 128-Byte RAM 


C, Si 


5±10% 


30 


1 


8 


64P4B/72P6 


Notel 


M50744-XXXSP/FP x 


4K-Byte Mask-Prog ROM, 144-Byte RAM 


C, Si 


5±10% 


I 0 


o 
c. 


A 
H 


64P4B/72P6 


Notel 


MoU / *rO-AAAorV rr * 


Rk'-Rv/to Mack-Prnn ROM 1Q9-Rvtc» RAM 


C Si 


5+10% 


15 


2 


4 


fi4P4R/finPR 

OtrHD/ \J\Jt \J 


Notel 


M50746-XXXSP/FP * 


6K-Byte Mask-Prog. ROM, 144-Byte RAM 


C, Si 


5±10% 


15 


2 


4 


64P4B/72P6 


Notel 


M50747-XXXSP/FP * 


8K-Byte Mask-Prog. ROM, 256-Byte RAM 


C, Si 


5±10% 


30 


1 


8 


64P4B/72P6 


Notel 


M50747H-XXXSP/FP 


8K-Byte Mask-Prog ROM, 256-Byte RAM 


C, Si 


b±5% 


45 


0. 67 


12 


64P4B/72P6 


Notel 


M50752-XXXSP x 


4K-Byte Mask-Prog. ROM, 128-Byte RAM, 
High Voltage Port, CR Oscillation Type 


C, Si 


5±10% 


15 


2 


4 


52P4B 


Notel 


M50753-XXXSP/FP 


6K-Byte Mask-Prog ROM, 96-Byte RAM, 
8-Bit A-D Converter 


C, Si 


5±10% 


15 


2 


4 


64P4B/60P6 


Notel 


M50754-XXXSP/FP/GP 


6K-Byte Mask-Prog ROM, 160-Byte RAM, 
PWM, High Voltage Port, Serial I/O 


C, Si 


4—5.5 


20 


1. 90 


4. 2 


64P4B/72P6/ 
64P6W 


Notel 


M50757-XXXSP x 


3K-Byte Mask-Prog. ROM, 96-Byte RAM, 
High Voltage Port, CR Oscillation Type 


C, Si 


5±10% 


15 


2 


4 


52P4B 


Notel 


M50758-XXXSP * 


3K-Byte Mask-Prog. ROM, 96-Byte RAM, 
High Voltage Port, Ceramic Oscillation Type 


C, Si 


5±10% 


15 


2 


4 


52P4B 


Notel 


M50930-XXXFP 


4K-Byte Mask-Prog. ROM, 128-Byte RAM, 
LCD Controller/Driver, Serial I/O 


C, Si 


5±10% 


15 


1.86 


4.3 


80 P6 


Note 2 


M50931-XXXFP 


4K-Byte Mask-Prog ROM, 512-Byte RAM, 
LCD Controller/Driver, Serial I/O 


C, Si 


5±10% 


15 


1.86 


4.3 


80 P6 


M50932-XXXFP 


8K-Byte Mask-Prog ROM, 512-Byte RAM, 
LCD Controller/Driver, Serial I/O 


C, Si 


5±10% 


15 


1.86 


4.3 


80 P6 


M50933-XXXFP 


6K-Byte Mask-Prog. ROM, 192-Byte RAM, 
LCD Controller/Driver, Serial I/O 


C, Si 


3. 8-5. 5 


15 


1.86 


4.3 


80 P6 


Note2 


M50934-XXXFP 


8K-Byte Mask-Prog ROM, 256-Byte RAM, 
LCD Controller/Driver, Serial I/O 


C, Si 


3. 8-5. 5 


15 


1.86 


4.3 


80P6 


M50940-XXXSP/FP 


4K-byte Mask-rrog kum, i^o-Byte ham, 
8-Bit A-D Converter, High Voltage Port, 
Serial I/O 


C, Si 


5±10% 


15 


2 


4 


64P4B/72P6 


Note2 


M50941-XXXSP/FP 


8K-Byte Mask-Prog. ROM, 192-Byte RAM, 
8-Bit A-D Converter, High Voltage Port, 
Serial I/O 


C, Si 


5±10% 


15 


2 


4 


64P4B/72P6 


M50943-XXXSP/FP 


8K-Byte Mask-Prog ROM, 192-Byte RAM, 
8-Bit A-D Converter, Serial I/O 


C, Si 




30 


1 


8 


64P4B/60P6 


Notel 


M50944-XXXSP/FP 


12K-Byte Mask-Prog. ROM, 192-Byte RAM, 
8-Bit A-D Converter, Two Serial l/O s 


C, Si 


3 — 5. 5 


15 


1.91 


4.19 


C/in/n /a a ncc 


Note 2 


M50945-XXXSP/FP 


16K-Byte Mask-Prog. ROM, 256-Byte RAM, 
8-Bit A-D Converter, High Voltage Port, 
Serial I/O 


C, Si 


5±10% 


15 


2 


4 


64P4B/72P6 


Note 2 


M50950-XXXSP 


6K-Byte Mask-Prog ROM, 144-Byte RAM, 
High Voltage Port, Two Serial l/Os 


C, Si 


5±10% 


20 


1.6 


5 


52P4B 


Notel 


M50951-XXXSP 


4K-Byte Mask-Prog ROM, 144-Byte RAM, 
High Voltage Port, Two Serial l/Os 


C, Si 


5±10% 


20 


1.6 


5 


52P4B 


Notel 


M50954-XXXSP/FP/GP 


8K-Byte Mask-Prog ROM, 192-Byte RAM, 
PWM, High Voltage Port, Serial I/O 


C, Si 


4—5.5 


20 


1.90 


4.2 


64P4B/72P6/ 
64P6W 


Notel 


M50955-XXXSP/FP/GP 


10K-Byte Mask-Prog. ROM, 192-Byte RAM, 
PWM, High Voltage Port, Serial I/O 


C, Si 


4—5.5 


20 


1.90 


4.2 


64P4B/72P6/ 
64P6W 


Notel 



★ : New product ★★ : Under development 



Notel : Refer to the "1989 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS)" 

2 : Refer to the "1990 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS Enlarged 

edition) " 

3 : Refer to the "1992 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS) vol. 2." 
^ : The production of this product is no longer planned due to announcement of new series or upgrades. 
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BSeries MELPS 740 single-chip microcomputers (continued) 



Type 


Circuit function and organization 


Structure 


Supply 
voltage 

(V) 


Electrical characteristics 


Package 


Page 


Typ. 

dissipation 
(mW) 


Min 

time 

bus) 


Max 

fre- 
quency 
(MHz) 


M50957-XXXSP/FP 


10K-Byte Mask-Prog. ROM, 256-Byte RAM, 
PWM, High Voltage Port, 4-Bit Comparator, 
Serial I/O 


C, Si 


4—5.5 


20 


1.90 


4.2 


64P4B/72P6 


Note 2 


M50958-XXXSP/FP 


12K-Byte Mask-Prog. ROM, 256-Byte RAM, 
PWM, High Voltage Port, 4-Bit Comparator, 
Serial I/O 


C, Si 


4—5. 5 


20 


1.90 


4.2 


64P4B/72P6 


M50959-XXXSP/FP * 


16K-Byte Mask-Prog. ROM, 256-Byte RAM, 
PWM, High Voltage Port, 4-Bit Comparator 
Serial I/O 


C, Si 


4—5.5 


20 


1. 90 


4.2 


64P4B/72P6 


M50963-XXXSP/FP * 


10K-Byte Mask-Prog. ROM, 160-Byte RAM, 
8-Bit A-D Converter 5-Bit D-A Converter, PWM, 
Serial I/O 


C, Si 


5+10% 


15 


2 


4 


64P4B/72P6 


Notel 


M50964-XXXSP/FP * 


6K-Byte Mask-Prog. ROM, 160-Byte RAM, 
8-Bit A-D Converter, 5-Bit D-A Converter, PWM, 
Serial I/O 


C, Si 


5±10% 


1 5 


2 


4 


64P4B/72P6 


Notel 


M50734SP/FP 


External ROM, RAM Type, 5-Timer, 8-Bit A-D 
Converter, Serial I/O 


C, Si 


5±10% 


30 


1 


8 


64P4B/72P6 


Note 2 


M50734SP/FP-10 


External ROM, RAM Type, 5-Timer, 8-Bit A-D 
Converter, Serial I/O 


C, Si 


5±10% 


35 


0.8 


10 


64P4B/72P6 


M371 00M8-XXXSP/FP 


16K-Byte Mask-Prog ROM, 320-Byte RAM, 
Two Serial l/O s , A-D Converter, OSD Function 


C, Si 


5±10% 


27.5 


2 


4 


64P4B/80P6 


2-3 


M371 02M8-XXXSP/FP ★ 


16K-Byte Mask-Prog. ROM, 320-Byte RAM, 

Two Serial l/Os A-D Converter PWM OSD Function 


C, Si 


5±10% 


110 


1 


4 


64P4B/80P6N 


2-50 


M37103M4-XXXSP* 


8K-Byte Mask-Prog ROM, 320-Byte RAM, 
Serial I/O-, A-D Converter, PWM, OSD Function 


C, Si 


5±10% 


35 


2 


4 


64P4B 


2-101 


M37120M6-XXXFP* 


12K-Byte Mask-Prog. ROM, 256-Byte RAM, 

Serial I/O, A-D Converter, D-A Converter, OSD Function 


C, Si 


5±10% 


75 


1 


4 


80P6N 


3-3 


M37201 M6-XXXSP * 


<:4i\-byte MasK-rrog hum, oo4-byie ham, 

Two Serial l/Os, A-D Converter, PWM, OSD Function 


C, Si 


5±10% 


110 


1 


4 


64P4B 


2—50 


i jo7 r\f\ olio i_ 

M37202M3-XXXSP ** 


12K-Byte Mask-Prog ROM, 256-Byte RAM, 
Serial I/O, A-D Converter, PWM, OSD Function, 
Four Timers 


C, Si 


5dz1 0% 


110 


1 


4 


64P4B 


2 — 1 47 


M37204M8-XXXSP** 


32K-Byte Mask-Prog. ROM, 512-Byte RAM, 
Serial I/O, A-D Converter, D-A Converter, PWM, 
OSD Function, Four Timers 


C, Si 


5±10% 


1 1 0 




4 


64P4B 


2-195 


M37250M6-XXXSP ★ 


24K-Byte Mask-Prog ROM, 384-Byte RAM, 
Serial I/O, A-D Converter, PWM, OSD Function, 
PLL Function, Four Timers 


C, Si 


5±10% 


137.5 


1 


4 


64P4B 


2-251 


M37260M6-XXXSP** 


24K-Byte Mask-Prog ROM, 320-Byte RAM, 
8-Byte Serial I/O, OSD Function, Four Timers 


C, Si 


5±10% 


110 


1 


4 


52P4B 


2—299 


M37408M2-XXXSP/FP 


4K-Byte Mask-Prog ROM, 128-Byte RAM, 
Dual-Port RAM, UART, Bus Interface, 
Timer 


C, Si 


5±10% 


50 


0.8 


10 


42P4B/44P6N 


3-47 


M37409M2-XXXSP/FP 


4K-Byte Mask-Prog ROM, 128-Byte RAM, 
Dual-Port RAM, Three UARTs, Bus Interface, Timer 


C, Si 


5±10% 


50 


0. 8 


1 0 


52P4B/56P6N 


3-73 


M3741 0M3HXXXFP 


6K-Byte Mask-Prog. ROM, 192-Byte RAM, 
Serial I/O, A-D Converter, LCD Controller/Driver 


C, Si 


2. 5—5. 5 


30 


1 


8 


80P6S 


3-101 


M37410M4HXXXFP 


8K-Byte Mask-Prog. ROM, 256-Byte RAM 


C, Si 


2. 5—5. 5 


30 


1 


8 


80P6S 


M3741 0M6HXXXFP 


12K-Byte Mask-Prog ROM, 256-Byte RAM 


C, Si 


2.5—5.5 


30 


1 


8 


80P6S 


M37412M4-XXXFP 


8K-Byte Mask-Prog ROM, 160-Byte RAM.Serial 
I/O, PWM, 8-Bit A-D Converter, 5-Bit D-A Converter 


C, Si 


5±10% 


15 


2 


4 


72 P6 


3-137 


M3741 3M4HXXXFP 


8K-Byte Mask-Prog. ROM, 256-Byte RAM, 
Serial I/O, A-D Converter 


C, Si 


2. 5—5. 5 


30 


1 


8 


80P6S 


3-167 


M37413M6HXXXFP *★ 


12K-Byte Mask-Prog. ROM, 
256-Byte RAM 


C, Si 


2. 5—5. 5 


30 


1 


8 


80P6S 


M37414M5-XXXFP ★ 


10K-Byte Mask-Prog ROM, 160-Byte RAM, Serial 
I/O, PWM, 8-Bit A-D Converter, 5-Bit D-A Converter 


C, Si 


5±10% 


15 


2 


4 


72P6 


3—199 


M37415M4-XXXFP 


8K-Byte Mask-Prog ROM, 512-Byte RAM, 

Serial I/O, LCD Controller/Driver, DTMF Generator 


C, Si 


2. 5—5.5 


20 


2.5 


3.2 


80 P6 


3-230 



★ : New product : Under development 

Notel I Refer to the "1989 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS)" 

2 : Refer to the "1990 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS Enlarged 

edition) " 

3 I Refer to the "1992 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS) vol 2." 
^ : The production of this product is no longer planned due to announcement of new series or upgrades. 
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BSeries MELPS 740 single-chip microcomputers (continued) 



Type 


Circuit function and organization 


Structure 


Supply 
voltage 

(V) 


Electrical characteristics 


Package 


Page 


Typ 
pwr 

dissipation 
(mW) 


Min 
cycle 
time 

(ms) 


Max 

fre- 
quency 
(MHz) 


M37416M2-XXXSP/FP ★ 


ik.Rvio Ma«U.Prnn ROM 19R-R\/t«RAM MART 
HrN-Dyie lvldol\-r iuy . nUIVI, I CO -Dyitj nrMVI, Unnl, 

Comparator, Bus interface, Key on wake up 


C, Si 


5±10% 


50 


1 


8 


52P4B/56P6N 


3-263 


M37420M4-XXXSP 


Rk-Rv/to Mack-Pi-nri POM 95fi-Rv/tt» RAM PWM 

Serial I/O, A-D Converter, D-A Converter, Timer 


C, Si 


5±10% 


30 


1 


8 


52P4B 


3-294 


M37420M6-XXXSP 


12K-Byte Mask-Prog. ROM, 256-Byte RAM 


C, Si 


5±10% 


30 


1 


8 


52P4B 


M37421 M6-XXXSP/FP 


12K-Byte Mask-Prog. ROM, 320-Byte RAM, PWM, 

^prifll l/fr Hinh X/nltflnia Pnrt 4-Rit nnmnarfltnr 
Owf tcii I/V-/, niyii vunciyc? run, *t"Dii v^vJiiipcuciiuf 


C, Si 


5±10% 


25 


0. 95 


4.2 


64P4B/72P6 


3—323 


M37424M8-XXXSP** 


1Rk-Rv/to MaQk-Prwi RDM P^R-Rwta RAM PWM 

Serial I/O, 8-Bit A-D Converter, 5-Bit D-A Converter, 
Timer 


C, Si 


b±W% 


30 


1 


4 


64P4B 


3-354 


M37524M4-XXXSP 


16K-Byte Mask-Prog. ROM, 256-Byte RAM, 
PWM, Serial I/O, 8-Bit A-D Converter, 5-Bit 
D-A Converter, Timer 


C, Si 


5±10% 


30 


1 


4 


64P4B 


M37428M4-XXXFP** 


8K-Byte Mask-Prog. ROM, 384-Byte RAM, 
UART, LCD Controller/Driver, Timer 


C, Si 


5±10% 


15 


1 


8 


80P6N 


3—391 


M37450M2-XXXSP/FP 


4K-Byte Mask-Prog. ROM, 128-Byte RAM, 
8-Bit A-D Converter, 8-Bit D-A Converter, UART, 
DBB, Three Timers, PWM 


C, Si 


5±10% 


30 


0.8 


10 


64P4B/80P6 


Note3 


M37450M4-XXXSP/FP 


8K-Byte Mask-Prog. ROM, 256-Byte RAM 


C, Si 


5±10% 


30 


0.8 


10 


64P4B/80P6 


M37450M8-XXXSP/FP 


16K-Byte Mask-Prog ROM, 384-Byte RAM 


C, Si 


5±)0% 


30 


0.8 


10 


64P4B/80P6 


M37450S1SP/FP 


External ROM, 128-Byte RAM 


C, Si 


5±10% 


30 


0.8 


10 


64P4B/80P6 


Note3 


M37450S2SP/FP 


External ROM, 256-Byte RAM 


C, Si 


5±10% 


30 


0.8 


10 


64P4B/80P6 


M37450S4SP/FP 


External ROM, 384-Byte RAM 


C, Si 


5±10% 


30 


0.8 


10 


64P4B/80P6 


M37451 M4-XXXSP/FP/GP ★ 


8K-Byte Mask-Prog. ROM, 256-Byte RAM, 
8-Bit A-D Converter, 8-Bit D-A Converter, UART, 
DBB, Three Timers, PWM 


C, Si 


5±10% 


40 


0. 64 


12.5 


64P4B/ 
8OP6N/80P6S 


Note3 


M37451 M8-XXXSP/FP/GP ★ 


16K-Byte Mask-Prog. ROM, 384-Byte RAM 


C, Si 


5±10% 


40 


0. 64 


12.5 


64P4B/ 
80P6N/80P6S 


Note3 


M37451 MC-XXXSP/FP/GP 


24K-Byte Mask-Prog. ROM, 512-Byte RAM 


C, Si 


5±10% 


40 


0. 64 


12.5 


64P4B/ 
80P6N/80P6S 


Note3 


M 37451 SSP/FP/GP 


External ROM, 1024-Byte RAM 


C, Si • 


5±10% 


40 


0. 64 


12.5 


64P4B/ 
80P6N/80P6S 


Note3 


M37470M2-XXXSP ★ 


4K-Byte Mask-Prog. ROM, 128-Byte RAM, 
Serial I/O, A-D Converter 


C, Si 


2. 7—5. 5 


17.5 


1 


4 


32P4B 


Note3 


M37470M4-XXXSP ★ 


8K-Byte Mask-Prog. ROM, 192-Byte RAM 


C, Si 


2. 7~5. 5 


17.5 


1 


4 


32P4B 


M37470M8-XXXSP ★ 


16K-Byte Mask-Prog. ROM, 384-Byte RAM 


C, Si 


2. 7—5. 5 


17.5 


1 


4 


32P4B 


M37471M2-XXXSP/FP ★ 


4K-Byte Mask-Prog. ROM, 128-Byte RAM, 
Serial I/O, A-D Converter 


C, Si 


2. 7—5. 5 


17.5 


1 


4 


42P4B/56P6N 


Note3 


M37471 M4-XXXSP/FP ★ 


8K-Byte Mask-Prog. ROM, 192-Byte RAM 


C, Si 


2. 7—5. 5 


17.5 


1 


4 


42P4B/56P6N 


M37471 M8-XXXSP/FP ★ 


16K-Byte Mask-Prog. ROM, 384-Byte RAM 


C, Si 


2. 7-5. 5 


17.5 


1 


4 


42P4B/56P6N 



★ : New product : Under development 



Notel : Refer to the "1989 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS)" 

2 : Refer to the "1990 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS Enlarged 

edition)" 

3 : Refer to the "1992 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS) vol. 2." 
: The production of this product is no longer planned due to announcement of new series or upgrades. 
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MITSUBISHI MICROCOMPUTERS 

INDEX BY FUNCTION 



B Extended operating temperature version of microcomputers 



Type 


Circuit function and organization 


Structure 


Supply 
voltage 

(V) 


Electrical characteristics 


Package 


Page 


Typ 
pwr 

dissipation 
(mW) 


Mm 

cycle 

time 

(us) 


Max 

fre- 
quency 
(MHz) 


M50744T-XXXSP x 


4K-Byte Mask-Prog. ROM,144-Byte RAM, 
Extended Operating Temperature Version of 
M50744-XXXSP 


C, Si 


5±10% 


15 


2 


4 


64P4B 


Notel 


M50747T-XXXSP 


8K-Byte Mask-Prog ROM,256-Byte RAM, 
Extended Operating Temperature Version of 
M50747-XXXSP 


C, Si 


5±10% 


30 


1 


8 


64P4B 


Notel 


M50753T-XXXSP 


6K-Byte Mask-Prog. ROM,96-Byte RAM, 
Extended Operating Temperature Version of 
M50753-XXXSP 


C, Si 


5±10% 


15 


2 


4 


64P4B 


Notel 


M50930T-XXXFP 


4K-Byte Mask-Prog ROM,128-Byte RAM, 
Extended Operating Temperature Version of 
M50930-XXXFP 


C, Si 


5±10% 


20 


1.86 


4.3 


80P6 


Notel 


M37450M4TXXXSP/J 


8K-Byte Mask-Prog ROM, 256-Byte RAM, 
Extended Operating Temperature Version of 
M37450M4-XXXSP 


C, Si 


5±10% 


30 


0.8 


10 


64P4B/84P0 


Note3 


M37451 M4DXXXSP/FP 


8K-Byte Mask-Prog. ROM, 256-Byte RAM, 
Extended Operating Temperature 
Version of M37451 M4-XXXSP/FP 


C, Si 


5±10% 


'40 


0. 64 


12.5 


64P4B/80P6N 


Note3 


M37451 M8DXXXSP/FP *★ 


16K-Byte Mask-Prog ROM, 384-Byte RAM, 
Extended Operating Temperature 
Version of M37451 M8-XXXSP/FP 


C, Si 


5±10% 


40 


0. 64 


12.5 


64P4B/80P6N 


Note3 


■Piggyback type microcomputers (EPROM mounted type) 


Type 


Circuit function and organization 


Structure 


Supply 
voltage 

(V) 


Electrical characteristics 


Package 


Page 


Typ 
pwr 

dissipation 
(mW) 


Mm 

cycle 

time 

(us) 


Max 

fre- 
quency 
(MHz) 


M50740-PGYS 


Piggyback for M50740/M50741 


C, Si 


5±5% 




2 


4 


52S1M 


Notel 


M50742-PGYS 


Piggyback for M50742/M50708 


C, Si 


5±5% 




2 


4 


64S1M 


Notel 


M 50743- PGYS 


Piggyback for M50743 


C, Si 


5±5% 




1 


8 


64S1M 


Notel 


M50745-PGYS 


Piggyback for M50745 


C, Si 


5±5% 




2 


4 


64S1M 


Notel 


M50752-PGYS 


Piggyback for M50757/M50752 


C, Si 


5±5% 




2 


4 


52S1M 


Notel 


M50753-PGYS 


Piggyback for M50753 


C, Si 


5±5% 




2 


4 


64S1M 


Notel 


M 50931 -PGYS 


Piggyback for M50930/M50931/M50932 


C, Si 


5±5% 




2 


4 


80S6M 


Notel 


M50945-PGYS 


Piggyback for M50940/M50941/M50945 


C, Si 


5±5% 




2 


4 


64S1M 


Note 2 


M50950-PGYS 


Piggyback for M50950/M50951 


C, Si 


5±5% 




1.6 


5 


52S1M 


Notel 


M50955-PGYS 


Piggyback for M50754/M50954/M50955 


C, Si 


5±b% 




1.9 


4.2 


64S1M 


Notel 


M50957-PGYS 


Piggyback for M50957/M50958/M50959 


C, Si 


5±5% 




1.9 


4.2 


64S1M 


Note2 


M50964-PGYS 


Piggyback for M50964/M50963 , 


C, Si 


5±5% 




2 


4 


64S1M 


Notel 


M37409PSS * 


Piggyback for M37409M2-XXXSP 


C, Si 


5±5% 




0.8 


10 


52S1M 


3-397 


M37415PFS 


Piggyback for M37415M4-XXXFP 


C, Si 


3. 0—5. 5 




2.5 


3.2 


80S6M 


3-402 


M37421P-000SS 
M37421P-001SS 


Piggyback for M37421 M6-XXXSP 


C, Si 


5±5% 




0. 95 


4.2 


64S1M 


3-410 


M37450PSS 


Piggyback for M37450M2/M4/M8-XXXSP 


C, Si 


5±5% 




0.8 


10 


64S1M 


Note3 


M37450PFS 


Piggyback for M37450M2/M4/M8-XXXFP 


C, Si 


5±b% 




0.8 


10 


80S6M 


Note 3 



★ : New product : Under development 

Notel : Refer to the "1989 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS)" 

2 : Refer to the "1990 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS Enlarged 

edition) " 

3 : Refer to the "1992 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS) vol 2 " 
: The production of this product is no longer planned due to announcement of new series or upgrades 
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MITSUBISHI MICROCOMPUTERS 

INDEX BY FUNCTION 



B Built-in PROM type microcomputers 



Type 


Circuit function and organization 


Structure 


Supply 
voltage 

(V) 


Electrical characteristics 


Package 


Page 


Typ. 
pwr 

dissipation 
(mW) 


Mm 
cycle 
time 

(us) 


Max 
fre- 
quency 
(MHz) 


M50746E-XXXS P/ FP 


One Time Programmable Version of M50746-XXXSP/FP 


C, Si 


5±5% 


15 


2 


4 


64P4B/72P6 


Notel 


M50746ES/EFS 


PROM Version of M50746-XXXSP/FP 


C, Si 


5±5% 


15 


2 


4 


64S1 B/72S6 


Notel 


M50747E-XXXSP/FP 


One Time Programmable Version of M50747-XXXSP/FP 


C, Si 


5±5% 


30 


1 


8 


64P4B/72P6 


Notel 


M50747ES/EFS 


PROM Version of M50747-XXXSP/FP 


C, Si 


5±5% 


30 


1 


8 


64S1 B/72S6 


Notel 


M50944E-XXXSP/FP 


One Time Programmable Version of M50944-XXXSP/FP 


C, Si 


3—5. 5 


15 


1.9 


4. 2 


64P4B/64P6S 


Notel 


M 50944 ES 


PROM Version of M50944-XXXSP 


C, Si 


3—5. 5 


15 


1.9 


4. 2 


64S1 B 


M 50957 E -XXXS P 


One Time Programmable Version of M50957-XXXSP 


C, Si 


5±5% 


20 


1.9 


4. 2 


64P4B 


Notel 


M 50957 ES 


PROM Version of M50957-XXXSP 


C, Si 


5±5% 


20 


1.9 


4. 2 


64S1 B 


M50963E-XXXSP/FP 


One Time Programmable Version of M50963-XXXSP 


C, Si 


5±5% 


15 




4 


64P4B/72P6 


Notel 


M50963ES/EFS 


PROM Version of M50963-XXXSP/FP 


C, Si 


5±5% 


15 




4 


64S1 B/72S6 


Notel 


M37102E8-XXXSP/FP * 


One Time Programmable Version of M37102M8-XXXSP/FP 


C, Si 


5±10% 


110 


1 


4 


64P4B/80P6N 


2—354 


M37120E6-XXXFP * 


PROM Version of M37120M6-XXXFP 


C, Si 


5±5% 


75 


1 - 


4 


80P6N 


3—416 


M37201 E6-XXXSP * 


One Time Programmable Version of M37201 M6-XXXSP 




5±10% 


110 


1 


4 


64P4B 


2—354 


M3741 0E6HXXXFP 


One Time Programmable Version of M37410M6H-XXXFP 


C, Si 


2. 5~5. 5 


30 


1 


8 


80P6S 


3-423 


M37410E6HFS 


PROM Version of M37410M6H-XXXFP 


C, Si 


2. 5~5. 5 


30 


1 


8 


80S6 


M37412E5-XXXFP 


One Time Programmable Version of M37412M4-XXXFP 


C, Si 


5±5% 


15 




4 


72 P6 


3-434 


M3741 3E6HXXXFP** 


One Time Programmable Version of M37413M6H-XXXFP 


C, Si 


2. 5—5. 5 


30 




8 


80P6S 


3-448 


M37413E6HFS ** 


PROM Version of M37413M6H-XXXFP 


C, Si 


5±5% 


30 


1 


8 


80S6 


M37414E5-XXXFP ★ 


One Time Programmable Version of M37414M5-XXXFP 


C, Si 


5±5% 


15 




4 


72P6 


3-458 


M37420E6-XXXSP ★ 


One Time Programmable Version of M37420M6-XXXSP 


C, Si 


5±5% 


30 




8 


52P4B 


3 — 472 


M37420E6SS ★ 


PROM Version of M37420M6-XXXSP 


C, Si 


5±5% 


30 


] 


8 


52S1 


M37424E8-XXXSP 


One Time Programmable Version of M37424M8-XXXSP 


C, Si 


5±10% 


30 


! 


4 


64P4B 


3—480 


M37524E4-XXXSP 


One Time Programmable Version of M37524M4-XXXSP 


C, Si 


5±10% 


30 




4 


64P4B 


M37450E4-XXXSP/FP 


One Time Programmable Version of M37450M4-XXXSP/FP 


C, Si 


5+5% 


"30. 

ou 


0 8 


1 0 


64P4B/80P6 


Note3 




PROM Version nf M^^fiM^l-XXXSP/FP 


C Si 


5+5% 


30 


0 8 


1 o 


OtO 1 D/ OUOO 


IVIv/ tJUCO AAAOr / rr m 


One Time Programmable Version of M37450M8-XXXSP/pP 


C, Si 


5+5% 


ou 


0 8 


1 o 


fi4P4R/80Pfi 


Note3 


M^74 e iOF8 < $ e $/F < 5 ★ 
iviu i tQvLuoo/ ro ^ 


PROM Vpr«?ion nf M^74 C >0MR-XXX9P/FP 

rnulvl VdolUII \JI IVIO 1 HOWIVI O 'AAAOr / I i 


C Si 


5+5% 


30 


0 8 


■J Q 


R4c;i R/ftnnn 

OHO I D/ OKJLJKJ 


M37450E4TXXXSPAI * 


One Time Programmable Version of M37450M4TXXXSP/J 


C Si 


5+5% 


ou 


0 8 


1 0 


fi4P4B/a4P0 


Note 3 


M37451 E4-XXXSP/FP/GP * 


One Time Programmable Version of M37451 M4-XXXSP/FP/GP 


C, Si 


5±10% 


40 


0. 64 


12.5 


RAP A R /ROPfi M / 

80P6S 


Note3 


M37451 E4SS/FS ★ 


PROM Version of M37451 M4-XXXSP/FP 


C, Si 


5±10% 


40 


0. 64 


12.5 


64S1 B/80D0 


Note 3 


MQ7jIEHCQ VVVOD/CO/^D -l. 

Mo>40lto-AAAOr/rr/or * 


une lime rrogrammaDie version oi Mo/40iMo-AAAor/rr/br 


C, Si 


5+10% 




u. o4 


IOC 

1 £. 0 


64P4B/80P6N/ 
80P6S 


Note3 


M37451 E8SS/FS ★ 


PROM Version of M37451 M8-XXXSP/FP 


C, Si 


5±10% 


40 


0. 64 


12.5 


64S1 B/80D0 


Note3 


M37451 EC-XXXSP/FP/GP 


One Time Programmable Version of M37451MC-XXXSP/FP/GP 


C, Si 


5±10% 


40 


0. 64 


12.5 


64P4B/80P6N/ 
80P6S 


Note3 


M37451 ECSS/FS 


PROM Version of M37451 MC-XXXSP/FP 


C, Si 


5±10% 


40 


0. 64 


12.5 


64S1 B/80D0 


Note 3 


M37451 E4DXXXSP/FP 


One Time Programmable Version of M37451 M4TXXXSP/FP 


C, Si 


5±10% 


40 


0. 64 


12.5 


64P4B/80P6N 


Note3 


M37451 E8DXXXSP/FP 


One Time Programmable Version of M37451 M8TXXXSP/FP 


C, Si 


5±10% 


40 


0. 64 


12.5 


64P4B/80P6N 


Note 3 


M37470E4-XXXSP ★ 


One Time Programmable Version of M37470M4-XXXSP 


C, Si 


2. 7—5. 5 


17.5 


1 


4 


32P4B 


Note 3 


M37470E8-XXXSP ★ 


One Time Programmable Version of M37470M8-XXXSP 


C, Si 


2.7-5.5 


17.5 


1 


4 


32P4B 


Note 3 


M37471 E4-XXXSP/FP * 


One Time Programmable Version of M37471 M4-XXXSP/FP 


C, Si 


2. 7—5. 5 


17.5 


1 


4 


42P4B/56P6N 


Note3 


M37471 E8-XXXSP/FP * 


One Time Programmable Version of M37471 M8-XXXSP/FP 


C, Si 


2. 7—5. 5 


17.5 


1 


4 


42P4B/56P6N 


Note3 


M37471E8SS ★ 


PROM Version of M37471 M8-XXXSP 


C, Si 


2. 7-5. 5 


17.5 


1 


4 


42S1B 


Note3 



* : New product ** : Under development 

Notel : Refer to the "1989 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS)" 



2 : Refer to the "1990 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS Enlarged 

edition) " 

3 I Refer to the "1992 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS) vol 2 " 
^ I The production of this product is no longer planned due to announcement of new series or upgrades 

■Series 38000 single-chip microcomputers 

Refer to the "1992 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS) 
Vol. 2." 
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MITSUBISHI MICROCOMPUTERS 

DEVELOPMENT SUPPORT SYSTEMS 



Development support systems (1) 



MELPS 740 


Assembler 


Debug system 


For evaluation 


Type name 


Processor mode 


Debugger 


Option board 


Control 
software 


M50740A-XXXSP/FP 














M50741 -XXXSP/FP 


Single-chip mode 






PCA4040 




M50740-PGYS 


M50740ASP 














M50742-XXXSP/FP 
M50708- XXXSP/FP 


Single-chip mode 






PCA4042 




M50742-PGYS 


M50743-XXXSP/FP 


Single-chip mode 






PCA4043 or 
PCA4043R 




M50743-PGYS 


M50744- XXXSP/FP 
M50744T-XXXSP 
M50746- XXXSP/FP 
M 50746 E-XXXSP/FP 
M50746ES/EFS 


Single-chip mode 






PCA4044R 




MoU/4bfcb/bro 


Microprocessor 
mode 






PCA4044XG02 




\ iNoie C ) 


M50745-XXXSP/FP 


Single-chip mode 






PCA4045 or 
PCA4045R 




M50745-PGYS 


M50747-XXXSP/FP 
M50747 H -XXXSP/ F P 
M50747T-XXXSP 
M50747E-XXXSP/FP 
M50747ES/EFS 


Single-chip mode 






PCA4047G02 or 
PCA4047RG02 




M50747F°,/FF°, 


Microprocessor 
mode 






PCA4047XG02 or 
PCA4047XRG02 




\ IN \JIK5 C } 


M50752-XXXSP 














M50757-XXXSP 


Single-chip mode 






• PCA4057 




M50752-PGYS 


M50758-XXXSP 














M50753-XXXSP/FP 
M50753T-XXXSP 


Single-chip mode 






PCA4053 




M50753-PGYS 
(Note 2) 


M50754-XXXSP/FP/GP 
M50954-XXXSP/FP/GP 
M50955-XXXSP/FP/GP 


Single-chip mode 


SRA74 


PC 4000 E 


PCA4054G02 or 
PCA4054RG02 


RTT74 


M50955-PGYS 


M50930-XXXFP 








M50930T-XXXFP 














M50931-XXXFP 
M50932-XXXFP 


Single-chip mode 






PCA4093 or 
PCA4093R 




M50931-PGYS 
(Note 2,3) 


M50933-XXXFP 














M50934-XXXFP 














M50940-XXXSP/FP 








PCA4094 or 
PCA4094RG02 






M50941 -XXXSP/FP 
M50945- XXXSP/FP 


Single-chip mode 








M50945-PGYS 


M50943-XXXSP/FP 


Single-chip mode 






PCA4033 




PCA4333G02 
(Note 1) 


M50944-XXXSP/FP 














M50944E-XXXSP/FP 


Single-chip mode 






PCA7044 




M50944ES 


M50944ES 














M50950-XXXSP 
M50951 -XXXSP 


Single-chip mode 






PCA4095 




M50950-PGYS 


M50957-XXXSP/FP 














M50957E-XXXSP 

M50957ES 

M50958-XXXSP/FP 


Single-chip mode 






PCA4054G02 or 
PCA4054RG02 




M50957-PGYS 
M50957ES 


M50959- XXXSP/FP 














M50963-XXXSP/FP 














M50963E-XXXSP/FP , 
M50963ES/EFS 


Single-chip mode 






PCA4064 or 
PCA4064R 




M50963ES/EFS 


M50964- XXXSP/FP 















★ ! New products : Under development 

Note 1 : Eyaluation board 

2 : Notes for operating temperature rangt* about the extended operating temperature version microcomputer 

3 : Notes for supply voltage range about the M50932-XXXFP, M50933-XXXFP. 
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MITSUBISHI MICROCOMPUTERS 

DEVELOPMENT SUPPORT SYSTEMS 



Development support systems (2) 



MELPS 740 


Assembler 


Debug system 


For evaluation 


Type name 


Processor mode 


Debugger 


Option board 


Control 
software 


M371 00M8-XXXSP/FP 


Single-chip mode 


SRA74 


PC4000E 


M37100T-OPT or 
M37100T2-RTT 


RTT74 


M37100P-000SS 


M371 02M8-XXXSP/FP 
M371 02E8-XXXSP/FP 
M37102E8SS/FS 


Single-chip mode 


M37102T-RTT 


M37102E8SS/FS** 


M37103M4-XXXSP 


Single-chip mode 


M37100T2-RTJ 




M37120M6-XXXFP 
M37120E6-XXXFP 


Single-chip mode 


M37120T-RTT 


M37120E6-XXXFP* 


M37201M6-XXXSP 
M37201E6-XXXSP 
M37201E6SS 


Single-chip mode 


PC4000E 

+ 

PC4600* 


M37201T5-POD* 


M37201 E6SS** 


M37202M3-XXXSP 
M37202E3-XXXSP 
M37202E3SS 


M37202E3SS** 


M37204M8-XXXSP 
M37204E8-XXXSP 
M37204E8SS 


M37204E8SS** 


M37250M6-XXXSP 
M37250E6-XXXSP 
M37250E6SS 


Single-chip mode 


PC4000E 


M37250T-RTT* 


M37250E6SS** 


M37260M6-XXXSP 
M37260E6-XXXSP 
M37260E6SS 


Single-chip mode 


PC4000E 
+ 

PC4600* 


M37260T5-POD 


M37260E6SS** 


Microprocessor mode 


PC4000E 


M37260TX-OPT* 
(Be necessary to order 
producing this board) 


M37408M2-XXXSP/FP 


Single-chip mode 






M37409M2-XXXSP/FP 


Single-chip mode 


M37409T-OPT 


M37409PSS* 


M3741 0M3HXXXFP 
M3741 0M4HXXXFP 
M3741 0M6HXXXFP 
M3741 0E6HXXXFP 
M37410E6HFS 


Single-chip mode 


M37410T-OPT 


M^7410FfiHFS 


M3741 2M4-XXXFP 
M37412E5-XXXFP 


Single-chip mode 


M3741 2T-OPT 


M37412E5-XXXFP 


M37413M4HXXXFP 
M3741 3M6HXXXFP 
M3741 3E6HXXXFP 
Mof 41 ofconro 


Single-chip mode 


M37413T-RTT 


M37413E6HFS** 


M37414M5-XXXFP 
M37414E5-XXXFP 


Single-chip mode 


M37414T-RTT 


M37414E5-XXXFP* 


M3741 5M4-XXXFP 


Single-chip mode 


M3741 5T-OPT 


M37415PFS 


M37416M2-XXXSP/FP 


Single-chip mode 


M37416T-RTT* 




M37420M4-XXXSP 
M37420M6-XXXSP 
M37420E6-XXXSP 
M37420E6SS 


Single-chip mode 


M37420T-OPT 


M37420E6SS* 


M37421 M6-XXXSP/FP 


Single-chip mode 


M37421T-OPT 


M37421P-000SS 
M37421P-001SS 


M37424M8-XXXSP 
M37424E8-XXXSP 
M37424E8SS 


Single-chip mode 


M37424T-RTT* 


M 37424 E8SS** 


M37524M4-XXXSP 
M37524E4-XXXSP 
M37524E4SS 


Single-chip mode 


M37524T-RTT* 


M37524E4SS** 


M37428M4-XXXFP 


Single-chip mode 


PC4000E 
+ 

PC4600*(Note2) 


M37428RFS 





* : New products ** : Under development 

Note 1 : Evaluation board Note 2 : Be necessary to order exchanging the monitor ROM. 
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MITSUBISHI MICROCOMPUTERS 

DEVELOPMENT SUPPORT SYSTEMS 



Development support systems (3) 



MELPS 740 


Assembler 


Debug system 


For evaluation 


Type name 


Processor mode 


Debugger 


Option board 


Control 
software 


M50734SP/FP 
M50734SP-10 






PC4000E 


PCA4034G02 or 
PCA4034RG02 







Development support systems (4) series 7450 



Series 7450 




\ Debug system 








Assembler 


Control 


Base PC4000E 


Base PC4600 


For evaluation 






Type name 


Processor mode 




software 


Debugger 


Option board 


Debugger 


Emulator MCU 




M37450M2-XXXSP/FP 

M37450M4-XXXSP/FP 

M37450M4TXXXSP/J 

M37450M8-XXXSP/FP 

M37450E4-XXXSP/FP 

M37450E4TXXXSP/J 

M37450E4SS/FS 

M37450E8-XXXSP/FP 


Single-chip 








M37450T-OPT 
or 

M37450T-RTT 




M37450RSS 
or 

M37450RFS 
(Note 2) 


Mo/40Urov>/ rro, 


Microprocessor 
mode 






PC4000E 


M37450TX-OPT 




M37450E4SS/FS 
or 

M37450E8SS/FS* 
(Note 3) 


M37450E8SS/FS 










or 

M37450TX-RTT 






M37450S1SP/FP 
M37450S2SP/FP 
M37450S4SP/FP 


Microprocessor 
mode 




RTT74 
(Note 1) 




PC4000E 






M37451 M4-XXXSP/FP/GP 
M37451 M8-XXXSP/FP/GP 




SRA74 






+ 
PC4600* 






M37451 MC-XXXSP/FP/GP 


















M37451 E4-XXXSP/FP/GP 


Single-chip 
















M37451E4SS/FS 


mode 
















M37451 E8-XXXSP/FP/GP 














M37451RSS 
or 

M37451RFS 
(Note 2) 


M37451 E4S5/FS* 


M37451E8SS/FS 














M37451E8SS/FS* 


M37451 EC-XXXSP/FP/GP 
M37451ECSS/FS 
M37451 M4DXXXSP/FP 


Microprocessor 
mode 












or 

M37451 ECSS/FS** 
(Note 3) 


M37451 M8DXXXSP/FP 


















M37451 E4DXXXSP/FP 


















M37451 E8DXXXSP/FP 


















M37451SSP/FP/GP 


Microprocessor 
mode 

















★ : New products 

Note 1 : PC4600 is supported by software version up 

2 : Pitch converter PCA4932 is necessary to RFS type 

3 : Notes for operating temperature range about the extended operating temperature version microcomputer 



Development support systems (5) series 7470 



Series 7470 




Debug system 




Type name 


Processor mode 


Assembler 


Control 
software 


Debugger 


Emulator MCU 


For evaluation 


M37470M2-XXXSP 














M37470M4-XXXSP 












M37470E4-XXXSP* 


M37470M8-XXXSP 












M37470E8-XXXSP* 


M37470E4-XXXSP 














M37470E8-XXXSP 








PC 4000 E 






M37471 M2-XXXSP/FP 


Single-chip mode 


SRA74 


RTT74 (Note 1) 


+ 


M37471RSS (Note 2,3) 




M37471 M4-XXXSP/FP 








PC4600* 






M37471 M8-XXXSP/FP 
M37471 E4-XXXSP/FP 












M37471E8SS* 


M37471 E8-XXXSP/FP 














M37471E8SS 















★ : New products 
, Note 1 : PC4600 is supported by software version up 

2 : Pitch converter PCA4906 is necessary to M37470 

3 : Pitch converter PCA4907 is necessary to QFP package type 
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MITSUBISHI MICROCOMPUTERS 

DEVELOPMENT SUPPORT SYSTEMS 



Development support systems (6) series 38000 



Type name 


Assembler 


Debug system 


For evaluation 


Control software 


Debugger 


Emulation MCU 


M38002M2-XXXSP/FP 

M38002E2-XXXSP/FP 

M38002E2SS/FS 

M38002M4-XXXSP/FP 

M38002E4-XXXSP/FP 

M38002E4SS/FS 

M38003M6-XXXSP/FP 

M38003E6-XXXSP/FP 

M38003E6SS/FS 

M38004M8-XXXSP/FP 

M38004E8-XXXSP/FP 

M38004E8SS/FS 

M38007M4-XXXSP/FP 

M38007E4-XXXSP/FP 

M38007E4SS/FS 


SRA74 


RTT74 (Note 1) 


PC4000E 
+ 

PC4600* 


M38007RSS (Note 2) 


M38002E2SS/FS 
M38002E4SS/FS 
M38003E6SS/FS 
M38004E8SS/FS 
M38007E4SS/FS 


M38042M3-XXXFP 
M38042E3-XXXFP 
M38042E3FS 


Under development 


M38042E3FS 


M38062M3-XXXFP/GP 

M38062E3-XXXFP/GP 

M38062E3FS 

M38062M4-XXXFP/GP 

M38062E4-XXXFP/GP 

M38062E4FS 

M38063M6-XXXFP/GP 

M38063E6-XXXFP/GP 

M38063E6FS 

M38064M8-XXXFP/GP 

M38064E8-XXXFP/GP 

M38064E8FS 


M38067RFS (Note 3) 


M38062E3FS 
M38062E4FS 
M38063E6FS 
M38064E8FS 


M381 02M5-XXXSP/FP 

M381 02E5-XXXSP/FP 

M38102E5SS 

M381 03M6-XXXSP/FP 

M381 03E6-XXXSP/FP 

M38103E6SS 


M38107RSS (Note 2) 


M38102E5SS 
M38103E6SS 


M381 1 2M4-XXXSP/FP 
M381 1 2E4-XXXSP/FP 
M38112E4SS 


M38117RSS (Note 2) 


M38112E4SS 


M38172M4-XXXFP 

M38172E4-XXXFP 

M38172E4FS 

M38173M6-XXXFP 

M38173E6-XXXFP 

M38173E6FS 

M38174M8-XXXFP 

M38174E8-XXXFP 

M38174E8FS 


M38177RFS (Note 3) 


M38172E4FS 
M38173E6FS 
M38174E8FS 


M38184M8-XXXFP 
M38184E8-XXXFP 
M38184E8FS 


M38187RFS** (Note 3) 


M38184E8FS 



★ : New products ★* Under development 

Note 1 : PC 4600 is supported by software version up 

2 : Pitch converter M38007T-PRB is necessary to QFP package type 

3 : Pitch converter PCA4932 is necessary 
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MITSUBISHI MICROCOMPUTERS 

DEVELOPMENT SUPPORT SYSTEMS 



Program writing adapter for built-in 
PROM type microcomputers 



Program writing adapter for built-in 
PROM type microcomputers (continued) 



Built-in PROM type microcomputers 
type name 


Program writing adapter 




Built-in PROM type microcomputers 
type name 


Program writing adapter 


M50746E-XXXSP 


PCA4700G02 


M37451 ECSS 


PCA4710 


M50746ES 


M 37450 E4TXXXSP 


M50746EFS 


PCA4701 G02 


M 37450 E4TXXX J 


PCA4712(Note 1) 


M50746E-XXXFP 


M37450E4-XXXFP 


PCA4711 


M50747E-XXXSP 


PCA4700G02 


MoY4oUb4rb v 


M50747ES 


M37450E8-XXXFP 


M 50747 E-XXXFP 


PCA4701 G02 


Mo74oUborb 


PCA4719 


M50747EFS 


M37451 E4FS 


M50944E-XXXSP 


PCA4715 


M37451 E8FS 


M50944ES 


ftJOTvlC'l COCO 

Mo/401 bOrb 


M 50944 E-XXXFP 


PCA4714 


M37451 E4-XXXFP 


PCA4751* 


M50957E-XXXSP 


PCA4703 


M37451 E8-XXXFP 


M50957ES 


M37451 EC-XXXFP 


M50963E-XXXSP 


PCA4700G02 


M37451E4-XXXGP 


PCA4752* 


M50963ES 


M37451 E8-XXXGP 


M50963E-XXXFP 


PCA4701 G02 


M37451 EC-XXXGP 


M50963EFS 


M37451 E4DXXXSP 


PCA4710 


M37102E8-XXXSP 


PCA4724 


Mo7451 EoDXXXbP 


M37102E8SS 


Mo/ 451 b4DXXXFP 


PCA4751* 


M37102E8-XXXFP 


PCA4725 


M37451 E8DXXXFP 


M37102E8FS 


M37460E8-XXXFP 


PCA4713(Note 1) 


M371 20E6-XXXFP 


PCA4716(Note 1) 


M37470E4-XXXSP 


PCA4730 


M37201 E6-XXXSP 


PCA4723 


Mo/ 4 /uco- XXXbP 


M37201 E6SS 


Mo747 1 E4-XXXSP 


M37202E3-XXXSP 


PCA4726* 


Mo/4/i bo-XAAbP 


M37202E3SS 


Mo/ 4/ 1 toob 


M37204E8-XXXSP 


Mo/ 4/1 t4-AAArr 


PCA4731 


M37204E8SS 


tiAVT A~?-i EQ VVVCD 
MO/4/ 1 tO-AAAPr 


M37250E6-XXXSP 


M 38002 E2-XXXSP 


Under development 


M37250E6SS 


MooUU^fc^-XXXrP 


M37260E6-XXXSP 


PCA4736* 


MooUUibibb 


M37260E6SS 


MooUUlbirS 


M37260E6-XXXFP 


PCA4737* 




M38002E4-XXXSP 


PCA4738S-64 


M37260E6FS 


MooUU^t4-XXXrr 


PCA4738F-64 


M37410E6HXXXFP 


PCA4705 




M 38002 E4SS 


PCA4738S-64 


M37410E6HFS 


PCA4706 




M38002E4FS 


PCA4738L-64** 


M37412E5-XXXFP 


PCA4720 




M38003E6-XXXSP 




M37413E6HXXXFP 


PCA4728 x 




M38003E6-XXXFP 


M37413E6HFS 


PCA4729 




MooOOocobS 


M37414E5-XXXFP 


PCA4720 




M38003E6FS 


M37420E6-XXXSP 


PCA4727 




M 38004 E8-XXXS P 


M37420E6SS 


M38004E8-XXXFP 


M37424E8-XXXSP 


PCA4721 




M38004E8SS 


M37424E8SS 


M38004E8FS 


M37524E8-XXXSP 


M38007E4-XXXSP 


Under development 


M37524E8SS 


M38007E4-XXXFP 




M37450E4-XXXSP 


PCA4710 




M38007E4SS 


M37450E4SS 


M38007E4FS 


M37450E8-XXXSP 


M38042E3-XXXFP 


M37450E8SS 


M38042E3FS 


M37451 E4-XXXSP 


M38062E3-XXXFP 


M 37451 E4SS 




M38062E3-XXXGP 


M 37451 E8-XXXSP 




M38062E3FS 


M37451 E8SS 


★ : New product : Under development 

Note 1 : Be necessary to order producing this board 


M37451 EC-XXXSP 
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MITSUBISHI MICROCOMPUTERS 

DEVELOPMENT SUPPORT SYSTEMS 



Program writing adapter for built-in 
PROM type microcomputers (continued) 



Built-in PROM type microcomputers 
type name 


Program writing adapter 


M38062E4-XXXFP 


Under development 


M38062E4-XXXGP 


M38062E4FS 


M38063E6-XXXFP 


PCA4738F-80 


M38063E6-XXXGP 


PCA4738G-80 


M38063E6FS 


PCA4738L-80 


M38064E8-XXXFP 


Under development 


M38064E8-XXXGP 


M38064E8FS 


M38102E5-XXXSP 


PCA4738S-64 


M38102E5-XXXFP 


PCA4738F-64 


M38102E5SS 


PCA4738S-64 


M38103E6-XXXSP 


Under development 


M38103E6-XXXFP 


M38103E6SS 


M38112E4-XXXSP 


PCA4738S-64 


M38112E4-XXXFP 


PCA4738F-64 


M38112E4SS 


PCA4738S-64 


M38172E4-XXXFP 


Under development 


M38172E4FS 


M38173E6-XXXFP 


M38173E6FS 


M38174E8-XXXFP 


M38174E8FS 


M38184E8-XXXFP 


PCA4738F-100* 


M38184E8FS 


Under development 



★ : New product : Under development 
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MITSUBISHI MICROCOMPUTERS 



ORDERING INFORMATION 



FUNCTION CODE 

Mitsubishi integrated circuits may be ordered using the following simplified alphanumeric type-codes which define the func- 
tion of the IC/LSIs and the package style. 



1. Mitsubishi Original Products 

Example 1 M 5 07 40-001 SP -2 



— M : Mitsubishi integrated prefix 

— Temperature range 

5 : Standard industrial/commercial 

(0to 70/75°C or-20to85°C) 
9 : High reliability 

— Series designation using 1 or 2 alphanumeric chracters. 
01-09 : CMOS 

1 Linear circuit 

3 : TTL 

10—19 I Linear circuit 

32—33 : TTL 

41—47 : TTL (the others) 

81 ! P-channel aluminum-gate MOS 

84 : CMOS 

85 : P-channel silicon-gate MOS 

86 I P-channel aluminum-gate MOS 

87 ! N-channel silicon-gate MOS 

88 '. P-channel alumjnum-gate ED-MOS 

89 : CMOS 
9 : DTL 

SO— S2 : Schottky TTL 

— Circuit function identification code using 2 digits. 

A character next to 2-digit alphanumeric characters, "T", is represented 
using for automobile/industrial 

— Mask ROM number 

— Package style 

K : Glass-sealed ceramic flat package 

P : Molded plastic 

FP : Molded plastic flat package 
GP Molded plastic flat package 
SP Molded plastic shrink package 

S '. Metal-sealed ceramic 

' — Electrical characteristic identification code using 1 or 2 digits 
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MITSUBISHI MICROCOMPUTERS 

ORDERING INFORMATION 



Example 2. M 3 74 50 E 4 - 001 SP 



M : Mitsubishi integrated prefix 

3 ! Represent an original single-chip microcomputer 

Series designation using 2 alphanumeric chracters 

Circuit function identification code using 2 digits 

Memory identification code using a digit 

E : EPROM 

M : Mask ROM 

N : Mask ROM+EEPROM 

P '. Piggyback 

S : External ROM 

Memory size identification code using a digit 
Normally, using hyphen. 

When electrical characteristic, or division of quality identification 
code using alphanumeric character. 
T : For automobile/industrial 

-Mask ROM number 

-Package style 

J : PLCC, or SOJ package 

K : Glass-sealed ceramic flat package 

P : Molded plastic DIP 

FP : Molded plastic flat package 

FS : Ceramic flat package 

GP : Molded plastic flat package 

SP : Molded plastic shrink package 

S Ceramic (layered type) package 

SS ! Ceramic shrink package 
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MITSUBISHI MICROCOMPUTERS 



ORDERING INFORMATION 



2. PACKAGE CODE 

Package style may be specified by using the following simplified alphanumeric code. 



Example 42 P 4 B 

~TI T T T~ 



Number of pins 



Package structure 

K *. Glass-sealed ceramic 

P : Molded plastic 

5 Metal-sealed ceramic 

-Package outline 

1 : DIP 

2 : sop 
4 : dip 

6 : QFP 

-Secondary outline code 

Special-purpose secondary codes describing outline are included as necessary. For 
details, contact your sales representative. 
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MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 



32P4B 32pin molded plastic DIP 



Dimension in mm 



nnnnnnnnnnnnnnnn 




v uuuuuuuuuuuuuuuu 





36.7 



+0.5 
-0.2 



innnnnnnnnnnnnnnnnnpjg 



O 



juuuuuuuuuuuuuuuuuu mj 



15. 24±0.3 
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MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 



42S1B 42pin ceramic DIP 



Dimension in mm 



40. 64±0. 40 




44P6N 



Plastic 44pin QFP 



Dimension in mm 



12.8±0.3 



2.8 0(min.) 





- ^SEATING PLANE 
Ulb -0.02 



3. 05 (max ) 



1.4 




\" SEATING PLANE 



0.6±0.2 



DETAIL F 
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MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 



50 P6 



50pin molded plastic QFP 

15.6±0.3 



(D 



10.0±0.15 



IB 



o o 



■liiiiiiiiiiiiiniiiiii! 




Dimension in mm 



2.0 OMIN 



0.< 



+0.1 
-0. 05 



~\ SEATING PLANE 
SEE DETAIL F 



SEATING PLANE 



0.15 



+0. 05 
-0. 02 



2. 44 MAX 




41.5±0.2 DETAIL F 



52P4B 



52pin molded plastic DIP 



Dimension in mm 



45 85 i° | 



nnnnnnnn nnnnnnnnnnnnnnnnn 




o 



'UUUUUUUUUUUUUUUUUUUUUUUUUlf 

© © 




rim. 



t — r 
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MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 



52S1 52pin ceramic DIP 



Dimension in mm 



51.4MAX 




® <8> 




) 






8MAX 








in 











(D 



INDEX MARK 




0. 25±0. ( 



15.2 



+1.5 



52S1M 52pin piggyback DIP 



Dimension in mm 



50. i 



®@@@®@@@@@@@®@ « — .= 



. 2. 54 



0.9 



44.45 



0. 46 z I 

= 2 _ 



15. 24 
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MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 



56P6N 56pin molded plastic QFP 

16.8±0.3 



3. 05MAX 



14. 0±0.2 




m?mmmii 



afim 



0.15; 



+0. 05 
-0. 02 



2.8 



Dimension in mm 




0. 35±0. 1 



6 0P6 60pin molded plastic QFP 

18.0±0.3 



13.2±0.15 



o o 



o 




2.0 



SEATING PLANE 



+0. 05 
-0. 02 
2. 44 MAX 



0.15 



~T SEATING PLANE 
SEE DETAIL F 



-0.15 




Dimension in mm 



DETAIL F 



1 . 3±0. 2 
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MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 



64P4B 



64pin molded plastic DIP(Lead pitch 1.778mm) 



Dimension in mm 



56.4 



+ 0.5 
-0.2 



innnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 



O 



o 



JUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUIJ 




19.05±0.3 



17.0 + 0.15 



/ 7^ 



^ — ^ 



^ / \ / 1 



0.27 



-0 07 
0 05 
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64P6N 



64pin molded plastic QFP 

16.8±0.3 



2.8 



Dimension in mm 




0. 35±0. 1 



DETAIL F 



0. 6±0. 2 
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MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 



64P6S 



64pin molded plastic QFP 



Dimension in mm 









© on 
r-rr- 
□c 
nrr- 
rrT- 


o 






zra ® K 

~m 

~m 

~n~i 

~rr-i 


nrrz 
an 
nrr- 
an 
r-rr: 








10±0.2 


i~n~ 

■ © an 


o 




Q 


~m 
zra 
zra 


0. 65±0.15 


1 


HHHHH 


® 

> 

L 

^0.3±0.1 I 



J 



0.6±0.2 




Ol 0.15 



16. 8±0.3 




12.8±0. 3 



64P6W 64pin molded plastic QFP 

1 9. 2±0. 3 




2.15 



> 



OMIN 



Dimension in mm 



SEATING PLANE 




SE E DETAIL F 



1.3±0.2 DETAIL F 



0. 35 



+0.1 
-0. 05 
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MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 



64S1 B 64pin ceramic DIP 



Dimension in mm 



58. 5MAX 





) 


1 O | 





CD 



INDEX 





64S1 M 64pin piggyback DIP 



Dimension in mm 



58.0±0.6 




I 



2.54±0.25 




0.46±0.1 ^ 



15.24±0.3 

i 1 



-0.25 



4-0.07 
-0.05 



19.05±0.3 
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MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 



72P6 



72pin molded plastic QFP 



Dimension in mm 



+1 



1 ®c=x= 

1-5 


o 






o 


o 



0 



o o 

+ 1 



□OOQQQQ.QOOOOOOOOOQQQQ 
18±0.2 



23.6±0.3 



1.5+0.2 



+1 



+1 



zd.D Q Q D D D D D [WMMU 



13.2+0.2 



to. 



1 .5+0.2 



18.8+0.3 



80D0 



80pin molded ceramic LCC 



Dimension in mm 



21. 0±0. 2 
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MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 



80P6 80pin molded plastic QFP 



Dimension in mm 




+1 



20±0.2 1.3±0.2~ 



25.2±0.3 



+l 



1.3±0.2 



14±0.2 



19.2±0.3 



80P6N 



80pin molded plastic QFP 

16.8±0.3 




■ i .win k 




0.8 




Dimension in mm 



2.8 



OMIN 



f y SEATING PLAN E 



Kn 15 +0.05 
| ^» u. io_ 0-0 2 



1.4 



3. 05 MAX 



0. 35±0. 1 



SEATING PLAN E 
SEE DETAIL F 



-0.6±0.2 DETAIL F 
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MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 



80P6S 



80pin molded plastic QFP 

14±0.2 



O 



o 



(!) 

0. 65±0.15 



0. 6±0. 2 



o 



) i4(J 



0. 3±0. 1 



L 



O 0.15 



16.8±0.3 



Dimension in mm 




16.8±0.3 



80S6 80pin molded ceramic QFP 



Dimension in mm 



25. 2±0. 2 




MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 



80S6M 



80pin piggyback QFP 



Dimension in mm 



18.4 




DT 



7.62 ; 1.27 




. , fi T MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 



100P6S 



Plastic 100pin QFP 



Dimension in mm 



D J 




+1 . , 

co nr 

o ® ~" 



o 



(D 



o 



O 



^. ' 20±0. 2 0.6±0.2_^_, 



22.8 



J 



0.6±0.2 



glililililililililililililililililililil^ 



14±0.2 
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MITSUBISHI MICROCOMPUTERS 

LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS 



1. INTRODUCTION 

A system of letter symbols to be used to represent the 
dynamic parameters of intergrated circuit memories and 
other sequential circuits especially for single-chip micro- 
computers, microprocessors and LSIs for peripheral 
circuits has been discussed internationally in the TC47 
of the International Electrotechnical Committee (IEC). 
Finally the IEC has decided on the meeting of TC47 in 
February 1980 that this system of letter symbols will be 
a Central Office document and circulated to all countries 
to vote which means this system of letter symbols will 
be a international standard. 

The system is applied in this LSI data book for the 
new products only. Future editions of this data book 
will be applied this system. The IEC document which 
describes "Letter symbols for dynamic parameters of 
sequential integrated circuits, including memories" is 
introduced below. In this data book, the dynamic para- 
meters in the IEC document are applied to timing 
requirements and switching characteristics. 

2. LETTER SYMBOLS 

The system of letter symbols outlined in this document 
enables symbols to be generated for the dynamic para- 
meters of complex sequential circuits, including memo- 
ries, and also allows these symbols to be abbreviated to 
simple mnemonic symbols when no ambiguity is likely 
to arise. 

2.1. General Form 

The dynamic parameters are represented by the general 
symbol of the form - 

tA(BC-DC)F (1) 

where : 

Subscript A indicates the type of dynamic parameter 
being represented, for example; cycle 
time, setup time, enable time, etc. 

Subscript B indicates the name of the signal or terminal 
for which a change of state or level (or 
establishment of a state or level) con- 
stitutes a signal event assumed to occur 
first, that is, at the beginning of the time 
interval. If this event actually occurs last, 
that is, at the end of the time interval, 
the value of the time interval is negative. 

Subscript C indicates the direction of the transition 
and/or the final state or level of the signal 
represented by B. When two letters are 
used, the initial state or level is also indi- 
cated. 



Subscript D indicates the name of the signal or terminal 
for which a change of state or level (or 
establishment of a state or level) consti- 
tutes a signal event assumed to occur last, 
that is, at the end of the time interval. If 
this event actually occurs first, that is, at 
the beginning of the time interval, the 
value of the time interval is negative. 

Subscript E indicates the direction of the transition 
and/or the final state or level of the signal 
represented by D. When two letters are 
used, the initial state or level is also indi- 
cated. 

Subscript F indicates additional information such as 
mode of operation, test conditions, etc. 

Note 1 Subscripts A to F may each consists of one or more letters 

2 Subscripts D and E are not used for transition times 

3 The "-" in the symbol (1 ) above is used to indicate "to", hence the sym- 
bol represents the time interval from signal event B occuring to signal 
event D occuring, and it is important to note that this convention is used 
for all dynamic parameters including hold times Where no misunder- 
standing can occur the hyphen may be omitted 

2.2. Abbreviated Form 

The general symbol given above may be abbreviated 
when no misunderstanding is likely to arise. For example 
to : 





tA(B-D) 




or 


*A(B) 




or 


tA(D) - 


often used for hold times 


or 


t A F 


no brackets are used in this case 


or 


t A 




or 


tBC-DE - 


often used for unclassified time 



intervals 

2.3. Allocation of Subscripts 

In allocating letter symbols for the subscripts, the most 
commonly used subscripts are given single letters where 
practicable and those less commonly used are designated 
by up to three letters. As far as possible, some form of 
mnemonic representation is used. Longer letter symbols 
may be used for specialised signals or terminals if this 
aids understanding. 

3. SUBSCRIPT A 

(For Type of Dynamic Parameter 

The subscript A represents the type of dynamic para- 
meter to be designated by the symbol and, for memo- 
ries, the parameters may be divided into two classes : 
a) those that are timing requirements for the memory 
and 



1-30 



AMITSUBISt 
ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS 



b) those that are characteristics of the memory. 
The letter symbols so far proposed for memory circuits 
are listed in sub-clauses 3.1 and 3.2 below. 
All subscripts A should be in lower-case. 

3.1. Timing Requirements 

The letter symbols for the timing requirements of semi- 
conductor memories are as follows : 

Term Subscript 

Cycle time c 

Time interval between two signal events d 

Fall time f 

Hold time h 

Precharging time pc 

Rise time r 

Recovery time rec 

Refresh time interval rf 

Setup time su 

Transition time t 

Pulse duration (width) w 

3.2. Characteristics 

The letter symbols for the dynamic characteristics of 
semiconductor memories are as follows : 



Characteristic 


Subscript 


Access time 


a 


Disable time 


dis 


Enable time 


en 


Propagation time 


P 


Recovery time 


rec 


Transition time 


T 


Valid time 


v 


Note Recovery time for use as a characteristic is 


i mi ted to sense recovery time 



4. SUBSCRIPTS B AND D 

(For Signal Name or Terminal Name) 

The letter symbols for the signal name or the name of 

the terminal are as given below. 

All subscripts B and D should be in upper-case. 



Signal or terminal 

Address 
Clock 

Column address 
Column address strobe 
Data input 
Data input/output 
Chip enable 



Subscript 
A 

C . 
CA 
CAS 
D 

DQ 

E 



Erasure 


ER 


Output enable 


G 


Program 


PR 


Data output 


Q 


Read 


R 


Row address 


RA 


Row address strobe 


RAS 


Refresh 


RF 


Read/Write 


RW 


Chip select 


S 


Write (write enable) 


w 



Note 1 In the letter symbols for time intervals, bars over the subscripts, for ex- 
ample CAS, should not be used 

2 It should be noted, when further letter symbols are chosen, that thp sub 
script should not end with H, K, V, X, or Z (See clause 5) 

3 If the same terminal, or signal, can be used for two functions (for example 
Data input/output, Read/Write) the waveform should be labelled with the 
dual function, if appropriate, but the symbols for the dynamic parameters 
should include only that part of the subscript relevant to the parameter 

>. SUBSCRIPTS C AND E 
(For Transition of Signal) 

The following symbols are used to represent the level or 
state of a signal : 

Transition of signal Subscript 

High logic level H 

Low logic level L 

Valid steady-state level (either low or high) V 

Unknown, changing, or 'don't care' level X 

High-impedance state of three-state output Z 

The direction of transition is expressed by two letters, 
the direction being from the state represented by the 
first letter to that represented by the second letter, with 
the letters being as given above. 

When no misunderstanding can occur, the first letter 
may be omitted to give an abbreviated symbol for sub- 
scripts C and E as indicated below. 
All subscripts C and E should be in upper-case. 

Subscript 

Examples Full Abbreviated 

Transition from high level to 

low level HL L 

( 

Transition from low level to 

high level LH H 

Transition from unknown or 

changing state to valid state XV V 

Transition from valid state to 

unknown or changing state VX X 

Transition from high-impedance 

state to valid state ZV V 

Note Since subscripts C and E may be abbreviated, and since subscripts B and D 
may contain an indeterminate number of letters, it is necessary to put the 
restriction on the subscripts B and D that they should not end with H, L, 
V, X, or Z, so as to avoid possible confusion 
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6. SUBSCRIPT F (For Additional Information) 



If necessary, subscript F is used to represent any addi- 
tional qualification of the parameter such as mode of 
operation, test conditions, etc. Jhe letter symbols for 
subscript F are given below. 
Subscript F should be in upper-case. 

Modes of operation Subscript 



Power-down 


PD 


Page-mode read 


PGR 


Page-mode write 


PGW 


Read 


R 


Refresh 


RF 


Read-modify-write 


RMW 


Read-write 


RW 


Write 


W 
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FOR DIGITAL INTEGRATED CIRCUITS 



New symbol 


Former symbo 


Parameter-definition 


c, 




Input capacitance 


Co 




Output capacitance 


Ci/o 




Input/output terminal capacitance 


f 




Input capacitance of clock input 
Frequency 


H<t>) 




Clock frequency 

Current-the current into an integrated circuit terminal is defined as a positive value and the current out of a terminal is defined as a negative value 


I BB 




Supply current from Vge 


1 BB( AV) 




Average supply current from Vge 


' CC 




Supply current from Vcc 


1 CC( AV) 




Avarage supply current from Vcc 


•CC(PD) 




Power-down supply current from Vcc 


1 DD 




Supply current from Vqd 


1 DD( AV) 




Average supply current from V D q 


Igg 




Supply current from Vqg 


1 GG( AV) 
1 I 




Average supply current from Vgg 
Input current 


1 IH 




High-level input current-the value of the input current when Vqh is applied to the input considered 


' IL 




Low-level input current— the value of the input current when Vql is applied to the input considered 






Built-in resistor current 


'peak 




Peak current 


1 OH 




High-level output current— the value of the output current when Vqh is applied to the output considered 


1 OL 




Low-level output current— the value of the output current when Vql is applied to the output considered 






Off -state (high-impedance state) output current— the current into an output having a three-state capability with input condition so applied that 
it will establish according to the product specification, the off (high-impedance) state at the output 


1 OZH 




Off state (high-impedance state) output current, with high-level voltage applied to the output 


1 OZL 




Off-state (high-impedance state) output current, with low level voltage applied to the output 






Short-circuit output current 


iss 




Supply current from V$s 


Pd 




Power dissipation 


New 




Number of erase/write cycles 


Nra 




Number of read access unrefreshed 


Ri 




Input resistance 


Rl 




External load resistance 


ROFF 




Off-state output resistance 


Ron 




On-state output resistance 


t a 




Access time— the time interval between the application of a specified input pulse during a read cycle and the availability of valid data signal at an output 


^a (A) 


ta(AD) 


Address access time— the time interval between the application of an address input pulse and the availability of valid data signals at an output 


ta(CAS) 




Column address strobe access time 


l a(E) 


ta(CE) 


Chip enable access time 


^(G) 


ta(OE) 


Output enable access time 


*a(PR) 




Data access time after program 


^(RAS) 




Row address strobe access time 


^(S) 


ta(cs) 


Chip select access time 


tc 




Cycle time 


*CR 


tc(RD) 


Read cycle time-the time interval between the start of a read cylce and the start of the next cycle 


tcRF 


(REF) 


Refresh cycle time— the time interval between successive signals that are intended to restore the level in a dynamic memory cell to its original level 


tcPG 


l C(PG) 


Page- mode cycle time 
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New symbol 


Former symbol 


Parameter— definition 


t CRMW 


tc ( RMR) 


Read-modify-wnte cycle time-the time interval between the start of a cycle in which the memory is read and new data is entered, and the start of 
the next cycle 


tew 


tc( WR) 


Write cycle time— the time interval between the start of a write cycle and the start of the next cycle 


td 




Delay time-the time between the specified reference points on two pulses 


t (j ( ^ ) 




Delay time between clock pulses-e g , symbology, delay time, clock 1 to clock 2 or clock 2 to clock 1 


td(CAS-RAS) 




Delay time, column address strobe to row address strobe 


td (CAS-W) 


td (CAS WR) 


Delay time, column address strobe to write 


td (RAS-CAS) 




Delay time, row address strobe to column address strobe 


td ( RAS-W) 


td (RAS-WR) 


Delay time, row address strobe to write 


tdis ( R-O) 


tdlS ( R-DA) 


Output disable time after read 


td is ( s) 


tpxz(cs) 


Output disable time after chip select 


tdis ( w) 


tpxZ(WR) 


Output disable time after write 


t DHL 




High-level to low-level delay time I the time interval between specified reference points on the input and on the output pulses when the output is 


t DLH 




Low-level to high-level delay time | 90 |n 9 t0 tne low ( h| 9 n ) level ancl wnen the device is driven with a specified loading networks 


ten ( a-q ) 


tpZV(A-DQ) 


Output enable time after address 


ten ( r-q) 


tpZV(R-DQ) 


Output enable time after read 


ten ( s-Q) 
tf 


tpZX(CS-DQ) 


Output enable time after chip select 
Fall time 


th 




Hold time-the interval of time during which a signal at a specified input terminal appears after an active transition occurs at another specified input terminal 


*h (a) 


th(AD) 


Address hold time 


th(A-E) 


th(AD-CE) 


Chip enable hold time after address , 


th(A-PR) 


th (AD-PRO) 


Program hold time after address 


th(CAS-CA) 




Column address hold time after column address strobe 


th(CAS-D) 


th (CAS-DA) 


Data-in hold time after column address strobe 


th(CAS-Q) 


th(CAS-OUT) 


Data-out hold time after column address strobe < < 


th (CAS-RAS) 




Row address strobe hold time after column address strobe 


th (C AS-W) 


th(CAS WR) 


Write hold time after column address strobe 


th(D) 


th(DA) 


Data-in hold time 


th (D-PR) 


th ( DA-PRO) 


Program hold time after data-in 


! h(E) 


th(CE) 


Chip enable hold time 


th(E-D) 


th(CE-DA) 


Data-in hold time after chip enable 


th(t-G) 


th(CE-OE) 


Output enable hold time after chip enable 


*h(R) 


th(RD) 


Read hold time 


t h ( RAS-CA ) 




Column address hold time after row address strobe 


t h(RAS-CAS) 




Column address strobe hold time after row address strobe 


th (RAS-D) 


th(RAS-DA) 


Data-in hold time after row address strobe 


th ( RAS-W) 


t h ( RAS- WR ) 


Write hold time after row address strobe 


th (s) 


th(cs) 


Chip select hold time 


th (w) 


th ( WR) 


Write hold time 


th (W-CAS) 


th(WR-CAS) 


Column address strobe hold time after write 


th ( W-D) 


th ( WR-DA) 


Data-in hold time after write 


th (W-RAS) 


th ( WR- RAS) 


Row address hold time after write 


tPLH 

tr 




High-level to low-level propagation time the time interval between specified reference points on the input and on the output pulses when the 

> output is going to the low (high) level and when the device is driven and loaded by typical devices 
Low-level to high-level propagation time of stated type 

Rise time 


trec(w) 


twr 


Write recovery time— the time interval between the termination of a write pulse and the initiation of a new cycle 


tree (PD) 


t R (PD ) 


Power-down recovery time 


tsu 




Setup time— the time interval between the application of a signal which is maintained at a speenfed input terminal and a consecutive active 
tarnsition at another specified input terminal 


tsu ( A) 


tsu (AD) 


Address setup time 
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New symbol 


Former symbol 


Parameter— definition 


tsil(A-E) 


tsu(AD-CE) 


Chip enable setup time before address 


tsu(A-W) 


tsu(AD-WR) 


Write setup time before address 


tsU(CA-RAS) 




Row address strobe setup time before column address 


tsu(D) 


tsu(DA) 


Data-in setup time 


tsu(D-E) 


tsil(DA-CE) 


Chip enable setup time before data in 


tsil(D-W) 


tsil(DA-WR' 


Write setup time before data-in 


tsu(E) 


tsu(CE) 


Chip enable setup time 


tsu(E-P) 


tsil(CE-P) 


Precharqe setup time before chip enable 


tsu(G-E) 


^UCOE-CE) 


Chip enable setup time before output enable 


tsu(P-E) 


tsu(P-CE) 


Chip enable setup time before precharge 


tsu(PD) 




Power down setup time 


tsu(R) 


tsu(RD) 


Read setup time 


tsU(R-CAS) 


tsu (RA-CAS) 


Column address strobe setup time before read 


tsu (RA-CAS) 




Column address strobe setup time before row address 


tsu(s) 


tsu(CS) 


Chip select setup time 


t SU(S-W) 


tsu(CS-WR) 


Write setup time before chip select 


tsu(w) 


tsU(WR) 


Write setup time 


t THL 
t TLH 




High-level to low-level transition time the time interval between specified reference points on the edge of the output pulse when the output is 

> going to the low (high) level and when a specified input signal is applied through a specified network and 
Low-level- to high-level transition time I the output is loaded by another specified network 


W(A) 


*dv (AD) 


Data valid time after address 


tv(E) 


t dv(CE) 


Data valid time after ( hip enable 


*V (E)PR 


*V (CE)PR 


Data valid time after c hip enable in program mode 


tv(G) 


*V(OE) 


Data valid time after output enable 


tv(PR) 




Data valid time after program 


tv(S) 
tw 


*V (CS) 


Data valid time after c hip selet t 

Pulse width (pulse duration) the time interval between specified reference points on the leading and training edges of the waveforms 


l W(E) 


tw(CE) 


Chip enable pulse width 


*W(EH) 


*W(CEH) 


Chip enable high pulse width 


^(EL) 


l W(EL) 


Chip enable low pulse width 


tw(PR) 




Program pulse width 


tw(R) 


l W(RD) 


Read pulse width 


l W(S) 


tw(CS) 


Chip select pulse width 


*w( w) 


l W(WR) 


Wrtie pulse width 


t w(^) 




Clock pulse width 


Ta 




Ambient temperature 


Topr 




Operating temperature 


Tstg 




Storage temperature 


Vbb 




Vbb supply voltage 


Vcc 




Vcc supply voltage 


Vdd 




V DD supply voltage 


Vqg 




Vqq supply voltage 


V| 




Input voltage 


V| H 




High-level input voltage-the value of the permitted high-state voltage at the input 


VlL 




Low-level input voltage-the value of the permitted low-state voltage at the input 


v 0 




Output voltage 


V 0 H 




High level output voltage-the value of the guaranteed high-state voltage range at the output 


Vol 




Low-level output voltage— the value of the guaranteed low state voltage range at the output 


Vss 




V ss supply voltage 



Note 1 . These letter symbols are based on the IEC publication 148 except a part of them 
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1 INTRODUCTION 

IC & LSI have made rapid technical progress in electrical 
performances of high integration, high speed, and sophisti- 
cated functionality. And now they have got boundless wider 
applications in electronic systems and electrical ap- 
pliances. 

To meet the above trend of expanding utilization of IC & 
LSI, Mitsubishi considers that it is extremely important to 
supply stable quality and high reliable products to cus- 
tomers. 

Mitsubishi Electric places great emphasis on quality as a 
basic policy "Quality First", and has striven always to im- 
prove quality and reliability. 

Mitsubishi has already developed the Quality Assurance 
System covering design, manufacturing, inventory and de- 
livery for IC & LSI, and has supplied highly reliable pro- 
ducts to customers for many years. The following articles 
describe the Quality Assurance System and examples of 
reliability control for Mitsubishi Single-chip 8-bit Micro- 
computer. 

2. QUALITY ASSURANCE SYSTEM 

The Quality Assurance System places emphasis on built-in 
reliability in designing and built-in quality in manufacturing. 
The System from development to delivery is summarized in 
Fig. 1. 

2.1 Quality Assurance in Designing 

The following steps are applied in the designing stage for a 
new product. 

(1) Setting of perfomance, quality and reliability target for 
new product. 

(2) Discussion of performance and quality for circuit de- 
sign, device structure, process, material and package. 

(3) Verification of design by CAD system to meet standar- 
dized design rule. 

(4) Functional evaluation for bread-board device to confirm 
electrical performance. 

(5) Reliability evaluation for TEG (Test Element Group) 
chip to detect basic failure mode and investigate fai- 
lure mechanism. 

(6) Reliability test (In-house qualification) for new product 
to confirm quality and reliability target. 

(7) Decision of pre-production from the standpoint of per- 
formance, reliability, production flow/conditions, pro- 
duction capability, delivery and etc 

2.2 Quality Assurance in Manufacturing 

Quality assurance in manufacturing is performed as follows 

(1) Environment control such as temperature, humidity and 
dust as well as deionized water and utility gases. 

(2) Maintenance and calibration control for automatized 
manufacturing equipments, automatic testing equip- 
ments, and measuring instruments. 



(3) Material control such as silicon wafer, lead frame, 
packaging material, mask and chemicals. 

(4) In-process inspections in wafer-fabrication, assembly 
and testing. 

(5) 100% final inspection of electrical characteristics, 
visual inspection and burn-in, if necessary. 

(6) Quality assurance test 

-Electrical characteristics and visual inspection, lot by 
lot sampling 

-Environment and endurance test, periodical sampling. 

(7) Inventory and shipping control, such as storage en- 
vironment, date code identification, handling and ESD 
(Electro Static Discharge) preventive procedure. 

2.3 Reliability Test 

To verify the reliability of a product as described in the Mit- 
subishi Quality Assurance System, reliability tests are per- 
formed at three different stages in new product develop- 
ment, pre-production and mass-production. 
At the development of a new product the reliability test 
plan is fixed corresponding to the quality and reliability 
target of each product, respectively. The test plan includes 
in-house qualification test and TEG evaluation, if necessary. 
TEG chips are designed and prepared for new device 
structure, new process and new material. 
After the proto-type product has passed the in-house qual- 
ification test, the product advances to the pre-production. In 
the pre-production stage, the specific reliability tests are 
programmed and performed again to verify the quality of 
pre-production product. 

In the mass production, the reliability tests are performed 
periodically to confirm the quality of the mass production 
product according to the quality assurance test program. 
Table 1 shows an example of reliability test program for 
plastic encapsulated IC & LSI. 



Table 1. TYPICAL RELIABILITY TEST PROGRAM 
FOR PLASTIC ENCAPSULATED IC & LSI 



Group 


Test 


Test condition 


1 


Solderability 


230°C, 5sec Rosin flux 


2 


Soldering heat 


260°C , 1 0sec 


Thermal shock 


— 55°C, 125°C, 15cycles 


Temperature cycling 


— 65°C, 150°C, 100cycles 


3 


Lead fatigue 


250gr, 90°, 2arcs 


4 


Shock 


1500G, 0. 5msec 


Vibration 


20G, 100~2000Hz 
X, Y, Z direction 
4min./cycle, 4cycles/direction 


Constant acceleration 


20000G, Y direction, 1 min 


5 


Operation life 


T a =125°C, Vccmax 
1000 hours 


6 


High temperature 
storage life 


T a =150 o C, 1000hours 


7 


High temperature and 
high humidity 


85°C, 85%, "lOOOhours 


Pressure cooker 


121°C, 100%, 100hours 
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STAGE 



MARKET 
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PRODUCTION 

ENGINEERING 



MANUFACTURING 



QUALITY 
ASSURANCE 



PRODUCTION 
CONTROL 



uiO 
tree 
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z 
o 
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STRATEGIC PRODUCT PLAN 



_) 
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DESIGN R 



ENTT" 
EVIEW 



TRIAL PRODUCTION/ 
CHARACTERIZATION 



MATERIAL \ 

QUALIFICATION J 



QUALIFICATION (1) 



DECISION OF PRE-PRODUCTION 



PREPARATION 
OF SPECS / 
^ INSTRUCTION^ 



( PRE-PRODUCTION J- 



Jl 



QUALIFICATION (2) 



DECISION OF MASS PRODUCTION 



( PRODUCTION \1 
BORDER _Jf 



( PRODUCTION 
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o 



T 
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ot 

CC_| 
Q_< 
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{assembly} 

^/final ^\ 
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(MATERIAL \ 
INCOMING ) 
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(QUALITY 
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z 

O 

o 



QUALITY DATA/FAILURE ANALYSIS/QUALITY 
IMPROVEMENT 



k INVENTORY 



PrC 



>ing y* 



RETURNED PRODUCT 



(INVENTORY^ 
CONTROL J 



FAILURE ANALYSIS/CORRECTIVE ACTION 



FAILURE ANALYSIS REPORT GENERATION 



O 
O 



O 
O 
z 
O 



o s 
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o 
o 

Q 



» FLOW OF PRODUCT , FLOW OF INFORMATION 

Fig.1 FLOW CHART OF QUALITY ASSURANCE SYSTEM 
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2.4 Returned Product Control 

When failure analysis is requested by a customer, the 
failed devices are returned to Mitsubishi Electric via the 
sales office of Mitsubishi using the form of "Analysis Re- 
quest of Returned Product" 

Mitsubishi provides various failure analysis equipments to 
analyze the returned product. A failure analysis report is 



generated to the customer upon completion of the analysis. 
The failure analysis result enforces taking corrective action 
for the design, fabrication, assembly or testing of the pro- 
duct to improve reliability and realize lower failure rate. 
Fig. 2 shows the procedure of returned product control from 
customer. 



RETURNED PRODUCT 



ISSUE ANALYSIS REQUEST 
FOR RETURNED PRODUCT 



FAILURE ANALYSIS 
I 



1 



VISUAL INSPECTION 



ELECTRICAL 
CHARACTERISTICS TEST 



C 



CLASSIFICATION OF 
FAILURE MODES 



ACCEPTANCE 



SIMULATION TEST 



, ELECTRICAL 
CHARACTERISTICS TEST 



|^C£EPWJCE 



INTERNAL VISUAL 
INSPECTION 



CHIP ANALYSIS 



REJECTION 



4 



I 



CONFIRMATION OF 
FAILURE CAUSE 



INVESTIGATION OF CAUSE 



REPORT 
GENERATION 



REPORT TO 
CUSTOMER 



SURVEY OF 
PROCESS RECORD 



D 



PRELIMINARY 
CORRECTIVE ACTION 




FIXED CORRECTIVE ACTION 
PREVENTIVE MEASURES 



Fig.2 PROCEDURE OF RETURNED PRODUCT CONTROL 
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3 RELIABILITY TEST RESULTS for representative types of Single-chip 8-bit Microcompu- 

The reliability test results for Mitsubishi Single-chip 8-bit ters. 
Microcomputers are shown in Table 2, Table 3 and Table 4. 
Table 2 shows the result of endurance tests of high tempar- 
ature operation life and high temperature storage life test 



Table 2. ENDURANCE TEST RESULTS 



Test 


Series 


Type Number 


Test Condition 


Number of 
Samples 


Device Hours 
(Hours) 


Number of 
Failures 






M37100M8-XXXSP 




35 


35000 


0 






M37201M6-XXXSP 




35 


35000 


0 




MELPS 740 


M37260M6-XXXSP 


125°C 7 V 


35 


35000 


0 


High Temperature 
Operation Life 


M3?120M6-XXXFP 


38 


38000 


0 




M37409M2-XXXSP 




38 


38000 


0 




M37420M6-XXXSP 




22 


22000 


0 






M37201 E6-XXXSP 




35 


35000 


0 




EPROM mounted type 


M3741 0E6HXXXFP 


125°C 7 V 


38 


38000 


0 






M37420E6-XXXSP 




32 


32000 


0 






M37100M8-XXXSP 




35 


35000 


0 




MELPS 740 


M37201M6-XXXSP 


150°C 


35 


35000 


0 


High Temperature 


M37260M6-XXXSP 


35 


35000 


0 


Storage Life 




M37409M2-XXXSP 




38 


38000 


0 




EPROM mounted type 


M37201 M6-XXXSP 


150°C 


35 


35000 


0 




M37420E6-XXXSP 


175°C 


22 


22000 


0 
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Table 3 shows the results of the environment tests of ther- durance tests. 

mal stress high temperature/high humidity and pressure Table 4 shows the results of mechanical tests for repre- 
cooker test for the same type of products in regards to en- sentative products of various package types. 



Table 3. ENVIRONMENTAL TEST RESULTS 



Test 


Series 


Type Number 


Test Condition 


Number of 
Samples 


Device Hours 
(Hours) 


Number of 
Failures 


High Temperature 
High Humidity Life 


MELPS 740 


M37100M8-XXXSP 


85°C 85% RH 5 V 


24 


24000 


0 


M37201 M6-XXXSP 


24 


24000 


0 


M37260M6-XXXSP 


24 


24000 


0 


M37120M6-XXXFP 


22 


22000 


0 


M37409M2-XXXSP 


38 


38000 


0 


M37420M6-XXXSP 


22 


22000 


0 


EPROM mounted type 


M37201 M6-XXXSP 


85°C 85% RH 5 V 


24 


24000 


0 


M37420E6-XXXSP 


22 


22000 


0 



Test 


Series 


Type Number 


Test Codition 


96Hours 


240Hours 






M37100M8-XXXSP 




0/22 


0/22 






M37201 M6-XXXSP 




0/22 


0/22 




MELPS 740 


M37260M6-XXXSP 


121 C 2 atmospheres 


0/22 


0/22 




M371 20M6-XXXFP 


0/22 


0/22 


Pressure Cooker 




M37409M2-XXXSP 




0/22 


0/22 






M37420M6-XXXSP 




0/22 


0/22 






M37201 E6-XXXSP 




0/22 


0/22 




EPROM mounted type 


M3741 0E6HXXXFP 


121°C 2 atmospheres 


0/22 


0/22 






M37420E6-XXXSP 




0/22 


0/22 



Test 


Series 


Type Number 


Test Codition 


10Cycles 


lOOCycles 






M37100M8-XXXSP 




0/38 


0/38 






M37201 M6-XXXSP 




0/38 


0/38 




MELPS 740 


M37260M6-XXXSP 


— 65°C — h150°C 


0/38 


0/38 




M37120M6-XXXFP 


0/38 


0/38 


Temperature Cycling 




M37409M2-XXXSP 




0/38 


0/38 






M37420M6-XXXSP 




0/22 


0/22 






M3720;) E6-XXXSP 




0/38 


0/38 




EPROM mounted type 


M3741 0E6HXXXFP 


-65°C — H25°C 


0/38 


0/38 






M37420E6-XXXSP 




0/32 


0/32 



Table 4. MECHANICAL TEST RESULTS 



Test 


Test Condition 


Package 


52P4B 


64P4B 


60 P6 


80 P6 


Soldering Heat 


260°C 1 0sec 


0/130 


0/192 


0/104 


0/66 


Thermal Shock 


— 40°C~125°C 15Cycle 


0/130 


0/192 


0/104 


0/66 


Solderebility 


230°C 5sec Using a rosin-type Flux ( 


0/66 


0/88 


0/88 


0/66 


Free Fall 


75cm Onto a maple wood board 3times 


0/44 


0/44 


0/22 


0/44 


Shock 


1500G 0.5msec X, Y, and Z directions 3times 


0/44 


0/44 


0/22 


0/22 


Vibration 


20G X, Y, and Z directions 4times 100~2000Hz 4minutes/Cycle 


0/44 


0/44 


0/22 


0/22 


Constant Acceleration 


20000G Yt direction 1 minute 


0/44 


0/44 


0/22 


0/22 


Lead integrity 


250g 90° Berding 2times 


0/30 


0/30 


0/15 


0/15 


500g Tension 30sec 


0/30 


0/30 


0/15 


0/15 
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4 FAILURE ANALYSIS 

Accelerated reliability tests are applied to observe failures 
casued by temperature, voltage, humidity, current, mecha- 
nical stress and those combined stresses on chips and 
packages. 

Examples of typical failure modes are shown below. 

(1) Wire Bonding Failure by Thermal Stress 

Fig. 3, Fig. 4 and Fig. 5 are example of a failure occur- 
red by temperature storage test of 225°C, lOOOhours. 




Fig.4 Fig.5 

Au-AI plague formation Lifted Au wire ball base 

on bonding pad 



Au-AI intermetaflic formation so-called "Purple plague" 
by thermal overstress makes Au wire lift off from alumi- 
num metallization. The activation energy of this failure 
mode is estimated approximately "I.OeV and no failure 
has been observed so far in practical uses. 
(2) Aluminum Corrosion Failure by Temperature/Humidity 
Stress. 

Fig. 6, Fig. 7 and Fig. 8 are an example of corroded fa- 
ilure of aluminum metallization in plastic encapsulated 
IC after accelerated temperature/humidity storage test 
(pressure cooker test) of 121°C , 100% RH, lOOOhours 
duration. 

Aluminum bonding pad is dissolved by penetrated wa- 
ter from plastic package, and chlorine concentration is 
observed on corroded aluminum bonding pad as shown 
in Fig. 8. 




Fig.6 

Micrograph of corroded 
Aluminum metallization 
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Flg.7 
Enlarged 
micrograph 
of corroded 
Aluminum 
bonding pad 



Flg.8 
CI 

distribution 
on corroded 
Aluminum 
bonding pad 



(3) Destructive Failure by Electrical Overstress 

ESD have been performed to reproduce the electrical 
overstress failure in field uses. 

Fig. 9 and Fig. 10 are an example of failure observed 
by surge voltage test. The trace of destruction is veri- 
fied as the aluminum bridge by X-ray micro analysis. 



Fig.9 

Micrograph of surge 
voltage destruction 




Fig.10 

Aluminum trace 
of destructive spot 



(4) Aluminum Electromigration 

Fig. 11 shows an open circuit of aluminum metallization 
in high current density region caused by accelerated 
operating life test. This failure is caused by the -alumi- 
num electromigration. Voids and hillock have been 
formed in aluminum metallization by high current de- 
nsity. 



Fig.11 

Voids and 

hillocks 

formation 

by Aluminum 

electromigration 




5 SUMMARY 

The Mitsubishi quality assurance system and examples of 
reliability control have been discussed. Customer's interest 
and requirement for high reliable IC & LSI are increasing 
significantly. To satisfy customer's expectancy. Mitsubishi 
as an IC vendor, would like to make perpetual efforts in the 
following areas. 

(1) Emphasis on built-in reliability at design stage and re- 
liability evaluation to investigate latent failure modes 
and acceleration factors. 

(2) Execution of periodical endurance, environment and 
mechanical test to verify reliability target and realize 
higher reliability. 

(3) Focus on development of advanced failure analysis 
techniques. Detail failure analysis, intensive corrective 
action and quick response to customer's analysis re- 
quest. 

(4) Collection of customer's quality data in qualification, in- 
coming inspection, production and field use to improve 
PPM, fraction defective and FIT, failure rate. 

Mitsubishi would highly appreciate if the customer would 
provide quality and reliability data of incoming inspection or 
field failure rate essential to verify and improve the quality/ 
reliability of IC & LSI. 
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A MOS transistor has a very thin oxide insulator under the 
gate electrode on the silicon substrate. It is operated by 
altering the conductance (g m ) between source and drain to 
control mobile charges in the channel formed by the 
applied gate voltage. 

If a high voltage were applied to a gate terminal, the 
insulator-film under the gate electrode could be destroyed, 
and all Mitsubishi MOS IC/LSIs contain internal protection 
circuits at each input terminal to prevent this. It is inherent- 
ly necessary to apply reverse bias to the P-N junctions of a 
MOS IC/LSI. 

Under certain conditions, however, it may be impossible 
to completely avoid destruction of the thin insulator-film due 
to the application of unexpectedly high voltage or thermal 
destruction due to excessive current from a forward biased 
P-N junction. Therefore the following recommendations 
should be followed in handling MOS devices. 

1. KEEPING VOLTAGE AND CURRENT TO 
EACH TERMINAL BELOW MAXIMUM 
RATINGS 

1. The recommended ranges of operating conditions 
provide adequate safety margins. Operating within these 
limits-will assure maximum equipment performance and 
quality. 

2. Forward bias should not be applied to any terminal since 
excessive current may cause thermal destruction. 

3. Output terminals should not be connected directly to 
the power supply. Short-circuiting of a terminal to a 
power supply having low impedance may cause burn-out 
of the internal leads or thermal destruction due to 
excessive current. 

2. KEEPING ALL TERMINALS AT THE 
SAME POTENTIAL DURING TRANSPORT 
AND STORAGE 

When MOS IC/LSIs are not in use, both input and output 
terminals can be in a very high impedance state so that they 
are easily subjected to electrostatic induction from AC 
fields of the surrounding space or from charged objects 
in their vicinity. For this reason, MOS IC/LSIs should be 
protected from electrostatic charges while being transported 
and stored by conductive rubber foam, aluminum foil, 
shielded boxes or other protective precautions. 

3. KEEPING ELECTRICAL EQUIPMENT, 
WORK TABLES AND OPERATING 
PERSONNEL AT THE SAME POTENTIAL 

1. All electric equipment, work table surfaces and operat- 



ing personnel should be grounded. Work tables should 
be covered with copper or aluminum plates of good 
conductivity, and grounded. One method of grounding 
personnel, after making sure that there is no potential 
difference with electrical equipment, is by the use of a 
wnstwatch metallic ring, etc. attached around the wrist 
and grounded in series with a 1m £2 resistor. Be sure that 
the grounding meets national regulations on personnel 
safety. 

2. Current leakage from electric equipment must be 
prevented not only for personnel safety, but also to 
avert the destruction of MOS IC/LSIs, as described 
above. Items such as testers, curve-tracers and synchro- 
scopes must be checked for current leakage before being 
grounded. 

4. PRECAUTIONS FOR MOUNTING OF 
MOS IC/LSIs 

1. The printed wiring lines between input and output ter- 
minals of MOS IC/LSIs should not be close to or parallel 
to high-voltage or high-power signal lines. Turning pow- 
er on while the device is short-circuited, either by a sol- 
der bridge made during assembly or by a probe during 
adjusting and testing, may cause maximum ratings to be 
exceeded, which can result in the destruction of the 
device. 

2. When input/output, or input and/or output, terminals 
of MOS IC/LSIs (now open-circuits) are connected, 
we must consider the possibility of current leakage and 
take precautions similar to §2 above. To reduce such 
undesirable trouble, it is recommended that an interface 
circuit be inserted at the input or output terminal, or a 
resistor with a resistance that does not exceed the 
output driving capability of the MOS IC/LSI be inserted 
between the power supply and the ground. 

3. A filter circuit should be inserted in the AC power 
supply line to absorb surges which can frequently be 
strong enough to destroy a MOS IC/LSI. 

4. Terminal connections should be made as described in the 
catalog while being careful to meet specifications. 

5. Ungrounded metal plates should not be placed near 
input or output terminals of any MOS IC/LSIs, since 
destruction of the insulation may result if they become 
electrostatically charged. 

6. Equipment cases should provide shielding from electro- 
static charges for more reliable operation. When a plastic 
case is used, it is desirable to coat the inside of the case 
with conductive paint and to ground it. This is considered 
necessary even for battery-operated equipment. 
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M37100M8-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 

with ON-SCREEN DISPLAY CONTROLLER 



DESCRIPTION 

The M371 00M8-XXXSP/FP is a single-chip microcomputer 
designed with CMOS silicon gate technology. It is housed 
in a 64-pin shrink plastic molded DIP or a 80-pin plastic 
molded QFP. This single-chip microcomputer is useful for 
the high-tech channel-selection system for TVs. 
In addition to its simple instruction set, the ROM, RAM, and 
I/O addresses are placed on the same memory map to en- 
able easy programming. 

FEATURES 

• Number of basic instructions 69 

• Memory size 

ROM 16384 bytes 

RAM 320 bytes 

• Instruction execution time 

2/bLS (minimum instructions at 4MHz frequency) 

• Single power supply 5V±10% 

• Power dissipation normal operation mode 

(at 4MHz frequency, CRT display off) 27.5mW 

• Subroutine nesting 96levels (Max.) 

• Interrupt 9types, 5vectors 

• 8-bit timer 3 (2 when used as serial l/0 A ) 

• Programmable I/O ports 

(Ports P0, P1, P2, P3, P4, P5, P6) 46 

• Serial I/O (8-bit) 2 

• PWM function 14-bitX1 

6-bitX2 

• Comparator 1 

• Two clock generating circuits 

(One is for main clock, the other is for clock function) 

• 63-character on screen display function 

Number of character 21 charactersX3 lines 

Character configuration 12X16 dots 

Kinds of character 96 

Horizontal character border function 

APPLICATION 

TV 



PIN CONFIGURATION (TOP VIEW) 



I/O port 



I/O port 



Vcc E 
P6 5 /PWM5— [7 
P6 4 /PWM4— [7 
P6 3 /PWM3— [7 
P6 2 /PWM2— [? 
P6,/PWM1 — [J. 
P6 0 /T- [7 
P2 7 — [8 
P2 6 -[J. 
P2 5 - [jo 
P2 4 — (n 
P2 3 — H 
P2 2 ~0I 

P2, -in 
P2 0 ~ni 

P3 7 /Srdya — I! 
P3 6 /CLK A — Q7 
P3 5 /SouTA~[ii 
P3 4 /S INA — H 
P3 3 /A-D — H 
P3 2 /COUNT — H 
P3, — H 
P3 0 - H 
P5 3 / 1 NTh — [24 
P5 2 /INT 2 — H 
CNVss H 
Reset input RESET — [27 
Clock input X IN — IH 

Clock output Xout *~ 
Clock Input for v Rn 
clock function XciN j= 
Clock output for X C out 01 
clock function ■— 
Vss H 



I/O port, 



I/O port 



X 
X 
X 
(/> 
"0 



64] — I 
63]— B 
U— G 
61]— R 
60] — OUT 

HI *~ HsYNC 
58] ■*— Vsync 
57] — P4 7 ' 
56] — P0 0 
55] — P0, 

13- P0 2 

53]— P0 3 
52]— P0 4 

M]-po 5 

U— P0 6 

49] — P0 7 
48]-P1 0 
47] — P1, 
46]— P1 2 
1-P1 3 
44] — P1 4 
H-P15 
U**P16 
£]— P1 7 

40]— P5! 
1— P5 4 /S 1NB 
l-P5 5 /S OU TB 

37] — P5 6 /CLK B 
36] — P5 7 /S RDYB 
^ ncro Oscillator output 
35] — ObO^ for d|sp|ay 

34] — 0SC1 Oscillator lnpu< 

^ ,or dis P la y 
_ jjj — <p Timing output 



Outline 64P4B 



tttttt t t t t t I 




f f I t 1 1 f 1 % M t 

g X OOlwOco> 



Outline 80P6 



jo »i m 
Q. Q- Q_ 



NC '. No connection 
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r 



Clock input for 

clock function 
^, . „, , I Clock output for 
ClockiClock . C | OC k funct.on 
input output j / Timing output 
Xin XoutXcin X CO ut </> 

— (SHEMiMSfr - 



Reset input 
RESET 



Clock generating 
circuit 



Data Bus 



V cc V ss CNVss 

-®— -© @-- 



OSC2 OSC1 Vsync H SYNC OUT R G B I 
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RAM 
320bytes 



Address bus 



a 



Program 




Program 


counter 




counter 


PC H (8) 




PC L (8) 



ROM 
16384bytes 



8-bit 
Arithmetic 

and 
logical unit 




Accumulator 

A (8) 



I/O port PO 



Processor 
status 
register 
PS (8) 



COUNT 



Index 




Index 




Stack 


register 




register 




pointer 


X(8) 




Y(8) 




S(8) 



Timer count source selection circuit! 



-N 



Timer 2 



* T2 (8) 



Timer 3 

A T3 (8) 



Instruction 
register 
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CRT 




circuit 



Instruction 
decoder 



Control signal 




I/O port P1 



I/O port P2 



I/O port P3 



I/O port P4 



Z 

o 
r 

m 

■ 

o 

X 

tI 

00 

I 

2 

H 
O 

3 
o 

CO 



o 

H.' O 

^ s 

o -o 

c 

* m 

1 < 
o o 

^ m 



I/O port P5 



I/O port P6 



to 



m 

! to 

' N 

m m 
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FUNCTIONS OF M371 00M8-XXXSP/FP 



Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


2ms (minimum instructions, at 4MHz frequency) 


Clock frequency 


4MHz 


Memory size 


ROM 


16384bytes 


RAM 


320bytes 


Input/Output ports 


PO 


I/O 


8-bitX1 (middle-voltage N-channel open drain) 


P1, P2 


I/O 


8-bitX2 


P3 


I/O 


8-bitXl 


P4 7 


I/O 


1-bitX1 


I, B, G, R, OUT 


Output 


1-bitX5 (for CRT display function) 


VsYNC. HsYNC 


Input 


1-bitX2 (for CRT display function) 


P5 2 , P5 3 


I/O 


2-bitX1 (can be used as an input for either INT 2 or INTi) 


P5 1f P5 4 -P5 7 


I/O 


5-bitX1 


P6 0 , P61 


I/O 


2-bitX1 


P6 2 -P6 5 


I/O 


4-bitX1 (middle-voltage N-channel open drain) 


Serial I/O 


8-bitX2 


Timers 


8-bit timerX3 (X2, when used as serial I/Oa) 


Subroutine nesting 


96levels (max.) 


Interrupt 


2 external interrupts, 6 internal interrupts, 
1 software interrupt 


Clock generating circuit 


Two built-in circuits (externally connected ceramic or quartz crystal 
oscillator), both circuits have option feedback resistors 


Supply voltage 


5V±10% 


Power dissipation 


at high-speed operation 


CRT display function ON 


38. 5mW (clock frequency Xin=4MHz, fcRT = 6MHz) 


CRT display function OFF 


27. 5mW (clock frequency X| N =4MHz) 


at low-speed operation 


CRT display function OFF 


0. 33mW (clock frequency XciN == 32kHz) 


at stop mode 


| CC =1//A (when clock is stopped) 


Input/Output characteristics 


Input/Output voltage 


12V (input/output PO, P6 2 -P6 5> input RFSET, CNV SS ) 
-0.3 to V CC +0.3V(P1, P2, P3, P4 7> P5, P6 0 , P60 


Output current 


0.5mA (PO, P1, P2, P3, P5, P6 2 -P6 5 : N-channel open drain input/ 
output) 

0.5mA, —0.5mA (P4 7 : CMOS input/output, R, G, B, I, OUT, P60-P6! : 
CMOS output) 


Operating temperature range 


-10 to 70°C 


Device structure 


CMOS silicon gate process 


Package 


M37100M8-XXXSP 


64-pin shrink plastic molded DIP 


M37100M8-XXXFP 


80-pin plastic molded QFP 


CRT display function 


Number of character 


21 charactersX3lines 


Kinds of character 


96 (12X16 dots) 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc, 
V S s 


Supply voltage 




Power supply inputs 5V±10% to V C c. and OV to V S s 


CNV SS 


CNVss 




This is connect to Vss- 


RESET 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2/us (under normal Vcc 
conditions) If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time 




Clock input 


Input 


These are I/O pins of internal clock generating circuit for main clock. To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the Xin and Xout pins and external 
condensers are connected. If an external clock is used, the clock source should be connected to the X| N 
pin and the Xout pm should be left open 


XoUT 


Clock output 


Output 




Timing output 


Output 


This is the timing output pin In single-chip mode, the output can be controlled by selecting the option 


XciN 


Clock input for clock 
function 


Input 


These are the I/O pins of the clock generating circuit for the clock function To control generating frequen- 
cy, an external ceramic or a quartz crystal oscillator is connected between the Xcin and Xcout pms and ex- 
ternal condensers are connected If an external clock is used, the clock source should be connected to the 
Xcin pm and the X C out pin should be left open 


XcOUT 


Clock output for clock 
function 


Output 


PO0-PO7 


1/0 port rU 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output At reset, this port is set to input mode The output structure is middle-voltage N-channel 
open drain 


P10-P17 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO but the output structure is 
N-channel open drain It can be built in pull-up transister at each pin by selecting the option. 


P2 0 -P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port P1 


P3 0 -P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port P1 When serial l/0 A is used, P3 7 , 
P36, P35, and P34 work as Srdya> CLKa, Souta. and Sina pins, respectively. P33, works as an analog input for 
comparator and P3 2 works as a counter input 


P4 7 


1/0 port P4 


I/O 


Port P4 7 is a 1 -bit I/O port and has basically the same functions as port PO, but the output structure is 
CMOS output. 


I, B, G, R, 
OUT 


CRT output 


Output 


This is a 5-bit output pin for CRT display. 

The output polarity can be changed by selecting the option At reset, inactive polarity is selected 
The output structure is CMOS output 


HsYNC 


Hsync input 


Input 


This is the horizontal synchronizing signal input for CRT display. The input polarity can be changed by 
selecting the option. 


VsYNC 


Vsync input 


Input 


This is the vertical synchronizing signal input for CRT display The input polarity can be changed by select- 
ing the option 


P52, P53 


i/u port rO 


I/O 


These ports have basically the same functions as port P1, and are in common with interrupt input pins 


P5i , 

P5 4 -P5 7 


These ports have basically the same functions as port P1. When serial l/0 B is used, P5 7 , P5 6l P5 5 and P5 4 
work as S RD yb. CLK Bi Soutb and S| NB pins, respectively. 


P60-P65 


I/O port P6 


I/O 


Port P6 is a 6-bit I/O port and has basically the same functions as port PO The output structure of P6 0 , P61 
is CMOS output and the output structure of P6 2 -P6 5 is middle-voltage N-channel open drain P6 0 , P61, P6 2 , 
P6 3 , P6 4 , P6 5 can be programmed to function as timer output pin (T) , PWM output pins (PWMt, PWM2, 
PWM3, PWM 4 and PWM5), respectively 


OSC1, 
OSC2 


Clock input for CRT display 
Clock output for CRT display 


Input 
Output 


This is the I/O pins of the clock generating circuit for the CRT display function 
To control generating frequency, external condensers and registers are connected. 
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FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 

The M37100 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 

MEMORY 

• Special Function Register (SFR) Area 
The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 





' 0000, 6 














RAM (192 bytes) 


00BF 16 






Zero page 






Not used 








OOD0 16 


SFR area 








00FF 16 










t 0100 16 






RAM (128 bytes) 


' 017F 16 










Not used 






r 2000! 6 






RAM for display 








(213 bytes) 










20D4 16 


Not used 






' C000 16 










FF00 16 








ROM(4K bytes) 








Special page for 
subroutine call 




FFF4 16 


Interrupt vector area 






FFFF 16 

















Fig. 1 Memory map 



• RAM 

RAM is used for data storage as well as a stack area. 

• ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 

• RAM for display 

RAM for display is used to specify the character to be dis- 
played on the CRT and its color. 

• Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 

• Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

• Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 
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nnnn 


Horizontal position register 


uuco-16 


Port P3 


UUU 1 16 


Vortical position register of block 1 


nn pq 


'Port P3 directional register 


nnno 


Vertical position register of block 2 


nnPA 
uutA-16 


Port P4 




Vortical position register of block 3 




Port P4 directional register 


00D4i6 


Color register 0 


nnpp 


Port P5 




Color register 1 


nnpn 


Port P5 directional register 


UUUD16 


Color register 2 


nnpp 


Port P6 


00D7i6 


Color register 3 


nnpp ^ 


Port P6 directional register 


nnna 
UUUO16 


CRT control register 


nnpn 


PWM1 M ronictor 
"VVIVI I - n icyiolcl 






00F1 16 


PWM1-L register 


00DA 16 


Serial l/0 B mode register 


00F2 16 


PWM2 register 


00DB 16 


Special mode register 


00F3 16 


PWM3 register 


00DC 16 


Serial l/0 B register 


00F4 16 


PWM4 register 


00DD 16 


Counter 0 


00F5 16 


PWM control register 


00DE 16 




00F6 16 


Serial l/0 A mode register 


00DF 16 




00F7 16 


Serial l/0 A register 


00E0 16 


Port PO 


00F8 16 


PWM 5 register 


00E1 16 


Port PO directional register 


00F9 16 


PWM output control register 


00E2 16 


Port P1 


OOF At 6 


Timer 1 


00E3 16 


Port P1 directional register 


00FB 16 


Interrupt control register 2 


00E4 16 


Port P2 


O0FC 16 


Timer 2 


00E5 16 


Port P2 directional register 


00FD 16 


Timer 3 


00E6 16 




00FE 16 


Interrupt control register 1 


00E7 16 


A-D control register 


O0FF 16 


Timer control register 



Fig. 2 SFR (Special Function Register) memory map 
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INTERRUPTS 

Interrupts can be caused by 9 different events consisting of 
two external, six internal, and one software event. 
Interrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op- 
eration is similar to an interrupt. 

When an interrupt is accepted, the registers are pushed in- 
terrupt disable flag I is set, and the program jumps to the 
address specified in the vector table. The interrupt request 
bit is cleared automatically. The reset and BRK instruction 
interrupt can never be disabled. Other interrupts are dis- 
abled when the interrupt disable flag is set. 
Falling edge active or rising edge active for each of the 
INT., and INT 2 external interrupts can be selected by bits 4 
and 5 of the PWM control register. Whether the INT 1 and 
INT 2 external interrupts or the CRT display and serial l/0 B 
interrupts are to be accepted can be selected by bits 0 
and 1 of interrupt control register 2. 



Whether the timer 1 or serial l/0 A interrupt is to be 
accepted can be selected by bit 2 of the serial l/0 A mode 
register. 

All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter- 
rupt request bits and the interrupt enable bits are in inter- 
rupt control register 1 and timer control register. Figure 3 
shows the structure of the interrupt control registers 1 and 2 
and timer control register. 

Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is "1", interrupt 
request bit is "1", and the interrupt disable flag is "0". The 
interrupt request bit can be clear with a program, but not 
set. The interrupt enable bit can be set and clear with a 
program. 

Reset is treated as a non-maskable interrupt with the high- 
est priority. Figure 4 shows interrupts control. 



Table 1. Interrupt vector address and priority. 



Event 


Priority 


Vector addresses 


Remarks 


RESET 


1 


FFFF 16 , FFFE 16 


Non-maskable 


INTi or CRT display interrupt 


2 


FFFD-ie, FFFC 16 


INT, external interrupt (phase programmable) 


Timer 3 interrupt 


3 


FFFB 16 , FFFA 16 




Timer 2 interrupt 


4 


FFF9 16 , FFF8 16 




Timer 1 or serial I/O a interrupt 


5 


FFF7 16 , FFF6 16 




INT 2 or serial I/O b interrupt 
(BRK instruction interrupt) 


6 


FFF5 16 , FFF4 16 


INT 2 external interrupt (phase programmable) 

BRK instruction interrupt (non-maskable software interrupt) 
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J Interrupt control register 1 
(address 00FE 16 ) 



" INT 2 /serial l/0 B interrupt enable bit 

0 : Interrupt disable 

1 Interrupt enabled 

- INT 2 /serial l/0 B interrupt request bit 

0 I Interrupt disable 

1 : Interrupt requested 

- Timer 1 /serial l/0 A interrupt enable bit 

0 *. Interrupt disable 

1 '. Interrupt enabled 



Interrupt control register 2 
(address 00FB 16 ) 



- Timer 1 /serial l/0 A interrupt request bit 

0 : Interrupt disable 

1 : Interrupt requested 

- Timer 2 interrupt enable bit 

0 '. Interrupt disable 

1 : Interrupt enabled 

- Timer 2 interrupt request bit 

0 : Interrupt disable 

1 : Interrupt requested 

- IfsnyCRT display interrupt enable bit 

0 : Interrupt disable 

1 '. Interrupt enabled 

- INTt/CRT display interrupt request bit 

0 '. Interrupt disable 

1 : Interrupt requested 



- INTt/CRT display interrupt selection bit 

0 : INT! interrupt 

1 CRT display interrupt 

- INT 2 /serial l/0 B interrupt selection bit 

0 *. INT 2 interrupt 

1 : Serial l/0 B interrupt 



Timer control register 
(address 00FF 16 ) 



- Timer 3 interrupt enable bit 

0 '. Interrupt disable 

1 '. Interrupt enabled 

- Timer 3 interrupt request bit 

0 '. Interrupt disable 

1 : Interrupt requested 



Fig. 3 Structure of registers related to interrupt 



Interrupt request bit - 
Interrupt enable bit - 



=D- 



Interrupt disable flag I 




BRK instruction 
reset 



- Interrupt request 



Fig. 4 Interrupt control 
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TIMER 

The M371 00M8-XXXSP/FP has three timers; timer 1, timer 
2 and timer 3. 

A block diagram of timer 1 through 3 is shown in Figure 6. 
The count source for timer 1 through 3 can be selected by 
using bit 2, 3 and 4 of the timer control register (address 
00FF 16 ) , as shown in Figure 5. All of the timers are down 
count timers and have 8-bit latches. When a timer reaches 
"0" and the next count pulse is input to a timer, the con- 
tents of the reload latch are loaded into the timer. The divi- 
sion ratio of the timer is 1/(n+1), where n is the contents 
of timer latch. 

The timer interrupt request bit which is in the interrupt con- 
trol register 1 or timer control register (located at addres- 
ses 00FE 16 and 00FF 16 respectively) is set at the next 
count pulse after the timer reaches "0" (see interrupt 
section). 

The starting and stopping of timer 2 is controlled by bit 5 of 
the timer control register. If the bit 5 is "0", the timer starts 
counting, and the bit 5 is "1", the timer stops. 
At a reset or stop mode, FF 16 is automatically set in timer 2 
and 07 16 in timer 3. 

After a STP instruction is executed, timer 3, timer 2, and the 
clock (0 divided by 4) are connected in series (regardless 
of the status of bit 2 through 4 of the timer control register). 
This state is canceled if timer 3 interrupt request bit is set 
to "1", or if the system is reset. Before the STP instruction 
is executed, bit 5 of the timer control register (timer 2 
count stop bit) must be set to "0". 

For more details on the STP instruction, refer to the oscilla- 
tion circuit section. 



dxi 



IT 



Note 



Timer control register 
(Address 00FF 16 ) 

- Processor mode bit 

00 ! Single-chip mode 

01 : Microprocessor mode 

10 : Not used 

11 : Eva-chip mode 

- Timer 1 count source selection bit 

0 '. <t> divided by 4 

1 Timer 3 overflow 

- Timer 2 count source selection bit 

0 : <t> divided by 4 

1 .* Clock for the clock function (X C) n) 

- Timer 3 count source selection bit (Note) 

0 1 Timer 2 overflow 

1 : P3 2 port input 

- Timer 2 count stop bit 

0 : Count start 

1 I Count stop 

- Timer 3 interrupt enable bit 

0 : Interrupt disable 

1 : Interrupt enabled 

- Timer 3 interrupt request bit 

0 '. Interrupt disable 

1 : Interrupt requested 



In case that P3 2 port input is selected as the timer 3 count 
source, the counter is decreased at a rising edge of input 
signal 



Fig. 5 Structure of timer control register 
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Data bus 



O 

XciN 



0|V4 



1/2 

1/4 ^bj" 1/4 



Timer 2 latch 

(8) 



Internal clock <t> 
(Normally X !N divided by 4) 



O 

P3 2 



P6 0 latch 



O ^ 

P6 0 /T SM 4 



a 

P3 6 



CLK A 



'Mi I 



TM 4 



TM 2 



4> 



SM 1( SM 0 




Synchronous 
clock 



SM! SM 2 

\ So 



P3s 



I c 



O 

P3 4 

P3 7 



Timer 2 (8) 



FF 1f 



Timer 3 latch 

(8) 



1 c 



Timer 3 (8) 



07 16 



Timer 1 latch 

(8) 



Timer 1 (8) 



1/2 



Serial l/0 A counter 
(3) 



MSB 



Serial l/0 A 
register (8) 



LSB 



<2 



Reset 



STP instruction 



► Timer 2 interrupt request bit 



Timer 3 interrupt request bit 



Timer 1 or serial l/0 A interrupt 
request bit 



TM Timer control register 
SM : Serial l/0 A mode register 
PM : PWM output mode register 
Select gate '. 

at reset, shaded side is connected 



Fig. 6 Block diagram of timer 1 through 3 
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SERIAL I/O 

M371 00M8-XXXSP/FP has two serial I/O (serial I/O a and 
serial l/0 B ). 

SERIAL l/0 A 

The block diagram of serial l/0 A is shown in Figure 7. In 
the serial l/0 A mode the receive ready signal ( 

SrdyaJ » syn- 
chronous input/output clock (CLK A ) , and the serial I/O a 
(Squta. S| NA ) pins are used as P3 7l P3 6> P3 5 , and P3 4 , re- 



spectively. The serial l/0 A mode register (address 00^6^) 
is an 8-bit register. Bit 0 and 1 of this register is used to 
select a synchronous clock source. When these bits are 
[00] or [01] , an external clock from P3 6 is selected. When 
these bits are [10], the overflow signal divided by two from 
timer 1 becomes the synchronous clock. Therefore, chang- 
ing the timer period will change the transfer speed. When 
the bits are (11) , the internal clock <f> divided by 4 becom- 
es the clock. 




P3 7 Q- 



P3< 



o 



CLK* 



SoUTA 



P3 4 (> 



</> divided by 4 



from internal clock <f> ■ ■ 

divided by 4 or Timer 3 — | Timer 1 (8) | — v 
* (Address 00FA 16 ) 




1/2 



Sync 
circuit 



Serial l/0 A counter (3) 



Transfer clock 



MSB Serial l/0 A register (8) LSB 



(Address 00F7 16 ) 



Data bus 



rr 



Internal system clock generation selection - 

0 X| N -Xout selection (normal mode) 

1 Xcin-Xcout selection (low-speed mode 



Clock (X| N -Xout) step bit - 

0 : Oscillate 

1 : Stop 



P6 0 /T output function selection bit 

0 : Sync mode (EAROM clock input signal generation) 

1 '. Asynchronous mode 



Output of clock port selection bit (P6 0 )- 

0 : P6 0 (Normal I/O port) 

1 :t 




to timer 1 or 
serial l/0 A interrupt 
request bit 



Serial l/0 A mode register 
(Address 00F6 16 ) 



- Synchronous clock selection bit 

o o : | 



1 1 : 



External clock 



1 0 : Timerl overflow signal divided by 2 
1 1 : Timing <t> divided by 4 

- Serial l/0 A port selection bit (P3 4) P3 5 ) 

0 : Normal I/O port 

1 : Serial I/O port 

- Sr DYa signal output selection bit (P3 7 ) 

0 : Normal I/O port 

1 *• Srdy a output pin 



Fig. 7 Block diagram of serial I/O a 
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Bits 2 and 3 decide whether parts of P3 will be used as a 
serial l/0 A or not. When bit 2 is "1", P3 6 becomes an I/O 
pin of the synchronous clock. When an internal syncnronous 
clock is selected, the clock is output from P3 6 . If the exter- 
nal synchronous clock is selected, the clock is input to P3 6 . 
And P3 5 will be a serial output, and P3 4 will be a serial in- 
put. To use P3 4 as a serial input, set the directional register 
bit which corresponds to P3 4 , to "0". For more information 
on the directional register, refer to the I/O pin section. 
To use the serial l/0 A , bit 2 needs to be set to "1", if it is 
"0" P3 6 will function as a normal I/O. Interrupts will be 
generated from the serial l/0 A counter instead of timer 1. 
Bit 3 determines if P3 7 is used as an output pin for the re- 
ceive data ready signal (bit 3 = "1", S RDY a) or used as a 
normal I/O pin (bit 3="0"). 

The function of serial l/0 A differs depending on the clock 
source; external clock or internal clock. 
Internal Clock- The 

Srdya signal becomes "H" during trans- 
mission or while dummy data is stored in the serial I/O a 
register. After the falling edge of write signal, the S RDYA 



signal becomes low signaling +hat the M37100M8-XXXSP is 
ready to receive the external serial data. The S RDYA signal 
goes "H" at the next falling edge of the transfer clock. The 
serial l/0 A counter is set to 7 when data is stored in the se- 
rial l/0 A register. At each falling edge of the transfer clock, 
serial data is output to P3 5 . During the rising edge of this 
clock, data can be input from P3 4 and the data in the serial 
I/O a register will be shifted 1 bit. Data is output starting 
with the LSB. After the transfer clock has counted 8 times, 
the serial I/O a register will be empty and the transfer clock 
will remain at a high level. At this time the interrupt request 
bit will be set. 

External Clock- If an external clock is used, the interrupt 
request bit will be set after the transfer clock has counted 8 
times but the transfer clock will not stop. Due to this 
reason, the external clock must be controlled from the out- 
side. The external clock should not exceed 250kHz at a 
duty cycle of 56%. 

Timing diagrams are shown in Figure 8, and connection be- 
tween two M371 00M8-XXXSP's are shown in Figure 9. 



Synchronous clock 




Transfer clock 


U ||J L^U'U uuU 


Serial I/O register write signal 








Serial I/O output 




SoUTA 




Serial I/O input 




S|NA 

Receivable signal 
Srdya 




i 

Interrupt request bit set 



Fig. 8 Serial I/O a timing 



Transmission side 



Serial l/0 A mode register 



bit 3 



0 


1 


1 


0 



Set the directional 
register for P3 7 pin 
in input mode 



P3 7 



P3 6 



P3, 



Synchronous clock 



P3 7 



P3 6 



P3 4 



Reception side 



Serial l/0 A mode register 
bit 3 bit-0 



1 


1 


0 


X 



Set the directional 
register for P3 4 pin 
in input mode 



Fig. 9 Example of serial I/O a connection 
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SERIAL l/0 B 

The block diagram of serial l/0 B is shown in Figure 10. In 
the serial I/O b mode the receive ready signal (S RDY b). syn- 
chronous input/ output clock (CLK B ) , and the serial l/0 B 
(Soutb. S| NB ) pins are used as P5 7 , P5 6l P5 5 , and P5 4 , re- 
spectively. The serial l/0 B mode regjster (address 00DA 16 ) 
is an 8-bit register. Bit 1 of this register is used to select a 
synchronous clock source. When this bit is "0", an external 
clock from P3 6 is selected. When this bit is "1", the over- 
flow signal divided by two from clock counter 0 becomes 
the synchronous clock. 

Clock counter 0 is a 8-bit down counter to provide synchro- 
nous clock for serial I/O b . This counter divides internal 
clock <f>. Structure of clock counter 0 is the same of timers. 
Therefore, changing the timer period will change the trans- 
fer speed. 

Bits 2 and 3 decide whether parts of P5 will be used as a 
serial l/0 B or not. When bit 2 is "1", P5 6 becomes an I/O 
pin of the synchronous clock. When an internal synchronous 



clock is selected, the clock is output from P5 6 . If the exter- 
nal synchronous clock is selected, the clock is input to P5 6 . 
And P5 5 will be a serial output, and P5 4 will be a serial in- 
put. To use P5 4 as a serial input, set the directional register 
bit which corresponds to P5 4 , to "0". For more information 
on the directional register, refer to the I/O pin section. 
To use the serial l/0 B , bit 2 needs to be set to "1", if it is 
"0" P5 6 will function as a normal I/O. Bit 3 determines if P5 7 
is used as an output pin for the receive data ready signal 
(bit 3="V\ S RDYB ) or used as a normal I/O pin (bit 3="0"). 
Bit 4 is the special mode select bit. Serial l/0 B can be set 
to special mode by using this bit. Bits 0, 5, 6, and 7 are 
used for special mode. For details, see the section of spe- 
cial mode. 

In the normal mode, operations of serial I/O b are the same 
as that of serial l/0 A - For details, see the section of serial 
l/0 A . 



Srdyb 

o— 

P5 7 



CLK B /SCL 

O 

P5e 




Internal clock 



Clock counter 0 (8) 



(Address 00DD 16 ) 



P5 7 output 



Soutb/SDA 

o 



P5 5 



S|NB 

o- 

P5 4 



D.F 



output 




output 



L4 



Arbitration 
circuit 



l z C 
control 
circuit 



T 

CLK 



control 
circuit 

~r 

DATA 



SB 4 



SB 5 



L ACK -I 



1/2 




Sync 
circuit 



MSB 



Serial l/0 B 
counter (4) 



LSB 



Serial I/O b register (8) 
(Address 00DC 1 e ) J 



Data bus " 



Serial l/0 B interrupt 



Serial l/0 B mode register 
(Address 00DA 16 ) 



Special mode register 
(Address 00DB 16 ) 



Fig. 10 Block diagram of serial I/O b 
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SPECIAL MODE (l 2 C BUS.INTER IC BUS*) 

M371 00M8-XXXSP/FP has a special serial I/O circuit that 
can be reception or transmission of serial data in conformity 
with l 2 C (Inter IC) bus format. 

I 2 C bus is a two line directional serial bus developed by 
Philips to transfer and control data among internal ICs of a 
machinery. 

M37100M8-XXXSP/FP's special serial I/O is not included 
the clock synchronisation function and the arbitration de- 
tectable function at multimaster. 

Operations of master transmission and master reception 
with special serial I/O are explained in the following: 
(1) Master transmission 

To generate an interrupt at the end of transmission, set bit 
1 of interrupt control register 2 (address 00FB 16 ) to "1" so 
as to serial I/O b interrupt is selected. Then set bit 0 of in- 
terrupt control register 1 (address 00FE 16 ) to "1" so as to 
serial l/0 B interrupt is enabled. Clear the interrupt disable 
flag I to "0" by using the CLI instruction. 
The output signals of master transmission SDA and SCL are 
output from ports P5 5 and P5 6 . Set all bits (bits 5 and 6) 
corresponding to P5 5 and P5 6 of the port P5 register 
(address 00EC 16 ) and the port P5 direction register 
(address 00ED 16 ) to "1". 

Set the transmission clock. The transmission clock uses the 
overflow signal divided by 2 from clock counter 0. Set 
appropriate value in clock counter 0. (For instance, if 4 is 
set in clock counter 0 when f(X tN ) is 4MHz, the master 
transmission clock frequency is 100kHz). 
Set contents of the special mode register (address 
00DB 16 ). (Usually, 03 16 .) Set the bit 4 of serial I/O b mode 
register (address 00DA 16 ). Figure 13 shows the bit con- 
figurations of special mode register and serial l/0 B mode 
register. 

Initial setting is completed by the above procedure. 
Write data to be transmitted in the serial l/0 B register 
(address 00DC 16 ). Immediately after this, clear bits 0 and 1 
of special mode reigister (to "0") to make both SDA and 
SCL output to "L". This is for arbitration. The start signal has 
been completed. 

The hardware automatically sends out data of 9-clock cy- 
cle. The 9th clock is for ACK receiving and the output level 
becomes "H" at this clock. If other master outputs the start 
signal to transmit data simultaneously, it is not detected as 
an arbitration- lost. 

When the ACK bit has been transmitted, bit 1 of the timer 
control register is set to "1" (issue of interrupt request), 
notifying the end of data transmission. 
To transmit data successively, write data to be sent to the 
serial l/0 B register, and set the interrupt enabled state 
again. By repeating this procedure, unlimited number of 
bytes can be transmitted. 

To terminate data transfer, clear bits 0 and 1 of the special 
mode register to "0", set bit 1 clock SCL to 1, then set bit 1 



data SDA to "1". This procedure transmits the stop signal. 
Figure 11 shows master transmission timing explained 
above. 

(2) Master reception 

Master reception is carried out in the interrupt routine after 
data is transferred by master transmission. For master 
transmission and interrupt thereafter, see the preceding 
section (1) Master transmission. 

In the interrupt routine, setmaster reception ACK provided 
(36 16 ) in the serial I/O b mode register (address 00DB 16 ), 
and write "FF 16 " in the serial l/0 B register (address 
00DC 16 ). This sets data line SDA to "H" and to perform 8- 
clock master reception. Then, "L" is transmitted to data line 
SDA for ACK receiving. In the ACK provided mode, the 
above ACK is automatically sent out. 
Repeat the above receiving operation for a necessary num- 
ber of times. Then return to the master transmission mode 
and transmit the stop signal by the same procedure for the 
master transmission. 

Figure 12 shows master reception timing. 

(3) Wait function 

Wait function 1 is held SCL line up "L" level after falling of 
the 8th clock. 

Wait function 2 is held SCL line up "L" level after falling of 
the 9th clock. 

The wait function is reset by setting bit 5, 6 of the special 
mode register to "1". 

* Purchase of Mitsubishi Electric Corporation's l 2 C compo- 
nents converys a license under the Philips l 2 C Patent 
Rights to use these components in an l 2 C system, provided 
that the system conforms to the l 2 C Standard Specification 
as defined by Philips. 
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Fig. 11 Master transmission timing 
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Fig. 12 Master reception timing 



Serial l/0 B mode register 
(address 00DA 1P ) 

- Transmission and reception mode select bit* 

0 Reception mode 

1 .' Transmission mode 

- Synchronous clock select bit 

0 : External clock 

1 : Clock counter 0 divided by 2 

- Serial l/0 B select bit 

0 : Parallel port 

1 : Serial I/O port 

~ Sr D yb signal output select bit 

0 : Parallel port 

1 • Sroyb signal output pin 

- bpecial mode select bit 

0 : Normal serial I/O 

1 ' Special mode 

- ACK operation select bit 

0 : ACK is not sent or received 

1 ACK is sent and received 

- Start signal detect bit (Note 1 ) 

0 : Start signal is not detected 

1 .' Start signal was detected 

- Stop signal detect bit (Note 1 ) 

0 : Stop signal is not detected 

1 : Stop signal was detected 



CI 



Special mode register 
(address 00DB 16 ) 

- Data line control bit (Note 2) 

0 : SDA outputs "L" 

1 : SDA outputs "H" 

- Clock line control bit (Note 2) 

0 : SCL outputs "L" 

1 : SCL outputs "H". 

- ACK recognition bit (Note 1) 

0 : ACK was received 

1 '. ACK is not received 

- Wait function 1 enable bit (Note 3) 

0 : Wait function 1 is disabled 

1 : Wait function 1 is enabled 

- Wait function 2 enable bit (Note 3) 

0 : Wait function 2 is disabled 

1 Wait function 2 is enabled 

- Wait function 1 acceptance and 
operation display bit (Note 4) 

0 '. Wait function 1 is not functioning. 

1 : Wait function 1 is functioning 

- Wait function 2 acceptance and 
operation display bit (Note 4) 

0 : Wait function 2 is not functioning. 

1 '. Wait function 2 is functioning. 



Note 1 ". This bit is for read only When "1 " is written to this bit, it is reset 

2 '. The "L" or "H" output to the SDA or SCL line is the value to be output from this port, not the value currently held 

by the SDA or SCL line 

3 .' Wait function 1 maintains the SCL line to "L" after the 8th bit clock pulse has fallen in the special mode 

Wait function 2 maintains the line to "L" after the 9th bit clock pulse has fallen 

4 '. The wait function is canceled by writing "1" to these bits 



Fig. 13 Structure of registers related to serial I/O b 
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PWM OUTPUT CIRCUIT 

(1) Introduction 

The M37100M8-XXXSP is equipped with one 14-bit 
PWM and four 6-bit PWMs. The 14-bit resolution gives 
PWM1 the minimum resolution bit width of 500ns (for 
X iN = 4MHz) and a repeat period of 8192/^s. PWM2, 
PWM 3, PWM 4 and PWM5 have a 6-bit resolution with 
minimum resolution bit width of 16//s and repeat period 
of 1024//S. Accuracy and operation range is certified of 
PWM are V cc = 4.5 to 5.5V regardless of input- fre- 
quency. 

Block d'agram of the PWM is shown in Figures 14. 
The PWM timing generator section applies individual 
control signals to PWM1-PWM5, using clock input X, N 
divided by 2 or X C in divided by 2 as a reference signal. 

(2) Data setting 

The output pins PWM1, PWM2, PWM3, PWM4 and 
PWM 5 are in common with pins P61, P6 2) P6 3> P6 4 and 
P6 5 of port P6 (i.e. for PWM output, PWM output selec- 
tion bits and the P6 directional register D6TD65 should 
be set) . When PWM1 is used for output, first set the 
higher 8-bit of the PWM1-H register (address 00F0 16 ), 
then the lower 6-bit of the PWM1-L register (address 
O0F1 16 ). When one of the PWM2-PWM5 is used for 
output, set the 6-bit in the PWM2-PWM5 register, re- 
spectively. Note that the higher 2 bits of these 8-bit 
registers are ignored when used 6-bit register. 

(3) Transferring data from registers to latches 

The data written to the 6-bit PWM register is transfer- 
red to the PWM latch in each 6-bit PWM cycle period. 
For 14-bit PWM, the data is transferred in the next up- 
per 8-bit period after the write. The signals output to 
the PWM pins correspond to the contents of these 
latches. When data at addresses 00F0 16 to 00F4 16 and 
00F8 16 is read, data in these latches has already been 
read allowing the data output by the PWM to be con- 
firmed. When the 6-bit latch is being read, the upper 2 
bits of the register becomes undefined. However, bit 7 
of the PWM1-L register indicated the completion of the 
data transfer from the PWM1 register to the PWM1 
latch. If bit 7 is "0", the transfer has been completed, if 
bit 7 is "1", the transfer has not yet begun. 

(4) Operation of the 6-bit PWMs 

The timing diagram of the two 6-bit PWMs (PWM2- 
PWM5) is shown in Figure 15. One period (T) is com- 
posed of 64 (2 6 ) segments. 

There are six different pulse types configured from bits 
0 to 5 representing the significance of each bit. These 
are output within one period in the circuit internal sec- 
tion. Refer to Figure 15 (a). 

Six different pulses can be output from the PWM. 
These can be selected by bits 0 through 5. Depending 
on the content of the 6-bit PWM latch, pulses from 5 to 
0 is selected. The PWM output is the difference of the 



sum of each of these pulses. Several examples are 
shown in Figure 15 (b). Changes in the contents of the 
PWM latch allows the selection of 64 lengths of high- 
level area outputs varying from 0/64 to 63/64. An 
length of entirely high-level output cannot be output, 
i.e. 64/64. 

(5) 14-bit PWM operation 

The timing diagram of the 14-bit PWM1 is shown in Fi- 
gure 16. The 14-bit PWM divides the data within the 
PWM latch into the lower 6 bits anp" higher 8 bits. 
A high-level area within a length N timers r is output 
every short area of t=256 r =128^s as determined by 
data N of the higher 8 bits. (Refer to PWM output ® in 
the lower part of Figure 16.) 

Thus, the time for the high-level area is equal to the 
time set by the lower 8 bits or that puis t . As a result, 
the short-area period t (=128^s, approx. 7.8kHz) be- 
comes an approximately repetitive period. 

(6) Output after reset 

At reset the output of port P6 is in the high impedance 
state and the contents of the PWM register and latch 
are undefined. Note that after setting the PWM regis- 
ter, its data is transferred to the latch. 



Table 2. Relation between the 6 lower-order bits 

of data and the space set by the ADD bit 



6 lower-order bits of data 


Area longer by r than that of other t m (m = 0 to 63) 


0000 o L 6 B 


Nothing 


0 0 0 0 0 1 


m=32 


0 0 0 0 1 0 


m=16, 48 


0 0 0 1 0 0 


m= 8,24, 40, 56 


0 0 1 0 0 0 


m= 4, 12,20, 28,36, 44, 52, 60 


0 1 0 0 0 0 


m = 2 , 6 , 1 0, 1 4, 1 8, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62 


1 0 0 0 0 0 


m= 1 , 3, 5, 7, 57,59,61,63 
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PWM1-L register 
(address 00F1 16 ) 



PWM1-H register 
(address 00F0 16 ) 



bit 



□ n. 

TV bit 5 



i i i i i i m 

bitT ZT" bltO 



Selection gate : connected to black 

colored side when reset. 



n 



Pass gate 



MSB 



PWM1 latch 
(14-bit) 



n 



LSB 



14-bit PWM circuit 



(4MHz) (2MHz) p ' Mo 



P6 1 D6 t 

Q Q 




Timing generator 
for PWM 



1/32 



(1024^s period) 



PM, 



P6 2 D6 2 

Q p 



-e- 

3— O p6i/pwmi 



6-bit PWM circuit 



V 



MSB 
bit 5 



n 



PWM2 latch 
(6-bit) 



LSB 



pSt 



bitO 



J\ PWM 2 regi ste r 
(address 00F2 16 ) 



6-bit PWM circuit 



LXL" 



PWM4 latch 
(6-bit) 



LSB 



6-bit PWM circuit 



P6 2 /PWM2 



PWM3 latch 
(6-bit) 

ID 



PM ; 



P6 3 D6 3 

9 9 



LSB 
bitO 



( _ J — O P6 3 /PWM3 



bit 5 

I I I l I I I 



A PWM3 register 
J (address 00F3 16 ) 



P6 4 D6, 

9 9 



6-bit PWM circuit 



MSB 



PM 7 



Q) P6 4 /PWM4 

^1 



PWM 5 latch 
(6-bit) 



P6 5 D6 5 

9 9 



LSB 



|( _r-0 P6 5 /PWM5 



bit 5 


bit 0 bit e 




F bitO 


1 1 1 


III 1 


I 


I I I 


) 


& PWM4 register 1 


^ PWM 5 register 
(address 00F8 16 ) PM : PWM control register 




(address 00F4 16 ) 



PN : PWM output control register 
D6 : Port P6 directional register 
P6 : Port P6 register 



Fig. 14 Block diagram of the PWM circuit 
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0 1 2 3.4 5 6 7 8 12 16 20 24 28 32 36 40 44 48 52 56 60 63 

UuiruTiLTuuiri^^ 



Bit 4 



BitO 

Contents 
of the latch 

When00 16 " 
When0l 16 



When18 16 

(24) 

When28 16 

(40) 

When3B 16 

(59) 

When3F 16 " 

(63) 



JL 



JL 



Jl 



JL 



Jl 



JL 



Jl 



JL 



Jl 



Jl 



Jl 



Jl 



Jl 



JL 



Jl 



(a) Pulses showing the weight of each bit 



Jl 



--TUlTLJLJLJlJLriJ^^ 

jLrnjinrinjir~LJW 



J 


u 


u 


u 


u 


J 

1 1 




T = 64t 







When output is lower 6 bits of PWM1 t = 128//S T = 8192/^s 
When output is PWM2-PWM5 t = 16^s T = 1024^s 

when f(X IN )=4MHz 

(b) Example of 6-bit PWM output 



Fig. 15 6-bit PWM timing diagram 
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Data in address 00F0 16 is #6A 16 



Data in address 00F0 16 is # 7B ie 



PWM1-H 



register 



59! 6 



6A 16 



•\ 7B 16 



Data in address 00F1 16 is #24 16 



PWM1-L 



register 

PWM1 latch 

(14 bit) 



13ie 



A4 16 



- Bit 7 reset after transfer 



24 1f 



Register to latch tranfer 



B5! 



-7 



1653 16 ^ 1AA4! 



1AA4 16 



Data is address 00F1 16 is # 35 16 



I 35 16 



Register to latch tranfer 



1EF5 1£ 



4 When bit 7 of PWM1-L is "0" register 

T — 8192/is t0 )atcn transfer will not occur 



(Example 1 ) 
PWM1 output 



© 

lower 6 bits 

output_ 
(When H 6A 16 ~ 

L 24 16 ) 



6A 6B 6A 6B ,6A 6B 6A 6B 6A 6B 6B 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 

j^miuummri^iJiJWLJiniL juirtltuijijij 



.JTJTLTTLRJ" 



(Example 2) 
PWM1 output 



lower 6 bits 

output 

(When H 6A 16 , 
L-18 16 ) 



(64X128^s) 
= 128/is 



6B 16 - 36 times 6A 16 28 - 

(107) (106) times 



_R_RJTUT HJTIJTIJ7LJ7L 

— => 106 X 644-36 



6A 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 

Jiijifuuuijuu^^ iuuiriJTJLin. 



6B 16 24 times 6A 16 - 40 times 



JTLRJTL 



-^.106X64+24 



Minimum bit resolution width 



PWM1 output 



pp[ 6A | 



ADD 



High/low-level of the ADD 
section is determined by 
the data contained in 
the lower 6 bit 



r =0. 5/uS 



t = 128/^s ~- 
(256X0. 5/is) 



— I | | 1 1 1 

69 68 ! 67 J ' 02 01 



I I I i I i l i . Ill 

FF i FE i FD i FC 1 I 97 J 96 ' 95 1 • 02 \ 01 ' 00 

I ill 



High-level area output, the length 

of which is specified PWM-H 



I'll I I I I 

FF i FE I FD • FC 1 ' 97 I 96 • 95 ' 

I I I I i i l i 



256 r (128//s) standard 



Fig. 16 14-bit PWM timing diagram 



2-21 



MITSUBISHI MICROCOMPUTERS 

M37100M8-XXXSP/FP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 

with ON-SCREEN DISPLAY CONTROLLER 



TT 



L 



PWM control register 
(Address 00F5 16 ) 

PWM1, PWM2, PWM3, PWM4, PWM5 
count source selection bit 

0 : Supply 

1 : Stop 

- PB^PWMI output selection bit 

0 : Parallel port 

1 : PWM1 output 

- P6 2 /PWM2 output selection bit 

0 Parallel port 

1 : PWM2 output 

- P6 3 /PWM3 output selection bit 

0 : Parallel port 

1 : PWM 3 output 



PWM output control register 
(Address 00F9 16 ) 

- PWM1 output polarity selection bit 

- PWM2 output polarity selection bit 

- PWM3 output polarity selection bit 

- PWM4 output polarity selection bit 

- PWM5 output polarity selection bit 

0 I Positive 

1 Negative 



- P6 5 /PWM5 output selection bit 

0 : Parallel port 

1 : PWM5 output 



INT! input reverse bit 

0 : INT (leading-edge interrupt request) 

1 '. INT (trailing-edge interrupt request) 



INT 2 input reverse bit 

0 '. INT (leading-edge interrupt request) 

1 : INT (trailing-edge interrupt request) 

P6 0 /T output selection decision bit (reading only) 

0 : Parallel port 

1 : Output is 1/2 that of timer 1 



P64/PWM4 output selection bit 

0 : Parallel port 

1 : PWM4 output 



Fig. 17 Structure of registers related to PWM 
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PORT P6 0 / TIMER 1 OUTPUT 

Bit 0 of port P6 outputs 1/2 the frequency of timer 1 when 
bit 4 (SM 4 ) of the serial l/0 A mode register (address 
00F6 16 ) is set to "1". The output switching can be accom- 
plished with either of two procedures, synchronous mode or 
asynchronous mode, depending on the setting of bit 5 
(SM 5 ) of the serial l/0 A mode register. 
When SM 5 is set to "0" the synchronous mode is set. In 
such a case, after SM 4 has been changed, synchronization 
is set to the 1/2 frequency of timer 1 and switching- be- 
tween the port latch and timer takes place. It is possible to 
ascertain whether switching actually occurred by reading 
the value of bit 6 of the PWM control register. 



From the time that the contents of SM 4 was changed to the 
point where switching completes, the contents of neither 
SM 4 nor P6 0 may be changed. Use of the synchronous 
mode prevents the generation of a pulse shorter than the 
timer output during switching. Figure 18 (a) gives an exam- 
ple of timing in the synchronous mode. Use of the synchro- 
nous mode allows generation of an EAROM clock input sig- 
nal through the use of a simple program. 
When SM 5 is set to "1", the asynchronous mode is set. In' 
this case, the output switching occurs directly after SM 4 has 
been changed. Figure 18 (b) gives an example of timing in 
the asynchronous mode. 



R/W 



SM 4 



1 12 of T1 




I (Note!) 



PM 6 



P6 0 latch 



Latch output 



Timer output 



P6 0 /T output 



SM 4 



(a) Synchronous mode (SM 5 =0) 



1/2 of T1 



PM 6 



P6 0 latch 



Latch output 
>l 



Timer output 



P6 0 /T output 



(b) Asynchronous mode (SM 5 =1 ) 

Note 1 : Output switching occurs at the trailing edge of timer 1 divided signal when the value of the P6 0 latch is "0" and 
at the leading edge of timer 1 divided signal when the value of the P6 0 latch is "1". 



Fig. 18 P6 0 /T switching timing diagram 
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COMPARATOR CIRCUIT 

The comparator circuit is shown in Figure 19. The compara- 
tor circuit consists of the switch tree, ladder resistor, com- 
parator, comparator control circuit, A-D control register 
(address 00E7 16 ), and analog signal input pin (P3 3 /A-D). 
The analog input pin is common with the digital input/out- 
put terminal to the data bus. 

The 5-bit A-D control register can generate 1/16V C c-step 
internal analog voltage, based on the settings of bits 0 to 3. 
Table 3 gives the relation between the descriptions of A-D 
control register bits 0 to 3 and the generated internal ana- 
log voltage. The comparator result of the analog input vol- 
tage and the internal analog voltage is stored in the A-D 
control register, bit 4. 

The data is compared by setting the directional register 
corresponding to port P3 3 to "0" (port P3 3 enters the input 
mode), to allow port P3 3 /A-D to be used as the analog in- 
put pin. The digital value corresponding to the internal ana- 
log voltage to be compared is then written in the A-D con- 
trol register (address 00E7 16 ), bits 0 to 3. The voltage com- 
parision starts as soon as the writing is completed. 4-cycle 
(required for comparating) later, the result of comparision 
is stored in the A-D control register, bit 4. Bit 4 is "1" when 
analog input voltage > internal analog voltage and "0" 
when analog input voltage < internal analog voltage. 
When voltage is compared to by setting bits 0 to 3 of the 
comparator register "0", bit 4 of the A-D control register be- 
comes "1" regardless of the analog input voltage. 



Table 3. 



Relationship between the contents of 
A-D control register and internal voltage 



A-D control register 


Internal analog voltage 


bit3 


bit 2 


bit 1 


bitO 


0 


0 


0 


1 


1/16Vcc-1/32V cc 


0 


0 


1 


0 


2/16Vcc-1/32V C c 


0 


0 


1 


1 


3/16Vcc-1/32V cc 


0 


1 


0 


0 


4/16V cc — 1/32V CC 


0 


1 


0 


1 


5/16V cc -1/32V cc 


0 


1 


1 


0 


6/16V cc -1/32Vcc 


0 


1 


1 


1 


7/16V cc -1/32Vcc 




0 


0 


0 


8/16Vcc-1/32V cc 




0 


0 


1 


9/16V cc -1/32V cc 




0 


1 


0 


10/16V CC -1/32V CC 




0 


1 


1 


11/16V cc -"l/32Vcc 




1 


0 


0 


12/16Vcc-1/32V C c 




1 


0 


1 


13/16V cc -~1/32V C c 




1 


1 


0 


14/16V cc -1/32Vcc 




1 


1 


1 


15/16V cc -1/32Vcc 



Data bus 



(Address 00E8 16 ) 



Comparator control 
circuit 



P3 3 O- 



Analog input voltage 




Internal analog voltage 



Output of 
comparator , 
result 



A-D control register 
(Address 00E7 16 ) 



Bit 4 


Bit 3 


Bit 2 


Bit 1 


BitO 



Switch tree 



Ladder resistor 



6 



O 

Vcc 



Fig. 19 Comparator Circuit 
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CRT DISPLAY FUNCTIONS 

(1) Outline of CRT Display Functions 

Table 4 outlines the CRT display functions. The M37100M8- 
XXXSP incorporates a 21 columns X 3 lines CRT display 
control circuit. CRT display is controlled by the CRT display 
control register. 

Up to 96 kinds of characters can be displayed, and colors 
can be specified for each character. Four colors can be 
displayed on one screen. A combination of up to 15 colors 
can be obtained by using each output signal (R, G, B, and 
I). 

Characters are displayed in a 12X16 dot configuration to 
obtain smooth character patterns. (See Figure 20) 
The following shows the procedure how to display charac- 
ters on the CRT screen. 

© Set the character to be displayed in display RAM. 

® Set the display color by using the color register. 

(D Specify the color register in which the display color is 
set by using the display RAM. 

® Specify the vertical position and character size by us- 
ing the vertical position register. 

© Specify the horizontal position by using the horizontal 
position register. 

© Write the display enable bit to the designated block 
display flag of the CRT control register. When this is 
done, the CRT starts operation according to the input 
of the 

Vsync signal. 




16 dots 



The CRT display circuit has an extended display mode. 
This mode allows multiple lines (more than 3 lines) to be 
displayed on the screen by interrupting the display each 
time one line is displayed and rewriting data in the block 
for which display is terminated by software. 
Figure 22 shows a block diagram of the CRT display control 
circuit. Figure 21 shows the structure of the CRT display 
control register. 



Table 4. Outline of CRT display functions 



Parameter 


Functions 


Number of display character 


21charactersX 3 lines 


Character configuration 


12X16 dots (See Figure 20) 


Kinds of character 


96 


Character size 


4 size selectable 


Color 


Kinds of color 


15(max ) 


Coloring unit 


a character 


Display expansion 


Possible (multiple lines) 



Fig. 20 CRT display character configuration 



L 



Note 1 



CRT control register 
taaaress 00EA 16 ) 

Display of all blocks control bit (Note 1 ) 

0 : Display of all blocks off 

1 '. Display of all blocks on 

- Display of block 1 control bit 

0 : Display of block 1 off 

1 : Display of block 1 on 

- Display of block 2 control bit 

0 : Display of block 2 off 

1 : Display of block 2 on 

- Display of block 3 control bit 

0 : Display of block 3 off 

1 : Display of block 3 on 

- Block 1 color select mode switch bit 

0 '. Normal mode 

1 : Half character width color select mode 

- Multiple lines display interrupt enable bit 

(Note 2) 

0 : Interrupt is disabled 

1 '. Interrupt request occurs 

at every line display 

- Scanning line double count mode bit 

0 : Normal mode (256 lines) 

1 : Double count mode 



Display of all blocks control bit indicates the 
logical sum (AND) of each block display control 
bit 

The multiple lines display interrupt request 
occurs only when CPU is operating at the inter- 
nal clock frequency when f(X| N )=4MHz 



Fig. 21 Structure of CRT control register 



2-25 



MITSUBISHI MICROCOMPUTERS 

M37100M8-XXXSP/FP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 

with ON-SCREEN DISPLAY CONTROLLER 



OSC1 OSC2 



Data bus 



(Address 00D8 16 ) 



CRT control register 



(Address 00D1 16 to 00D3 16 ) 



■> Character 



size 
register 



Vertical position register 



(Address 00D0 16 ) 



Horizontal position register 



RAM for display 
9-bit X21X3 



(Address 00D4 16 to 0OD7 16 ) 
. ^ 



Color register 



Hsync Vsync 

0 0 



Clock generating 
circuit 



Display position control circuit 



ROM for display 
12-bit X16X96 



Shift register 
12-bit 



Output circuit 



& & & & £ 

R G B I OUT 



Display 



Fig. 22 Block diagram of CRT display control circuit 
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(2) Display Position 

The display positions of characters are specified in units 
called a "block." There are three blocks, block 1 to block 3. 
Up to 21 characters can be displayed in one block. (See 
(4) RAM for Display.) 

The display position of each block in both horizontal and 
vertical directions can be set by software. 
The horizontal direction is common to all blocks, and is 
selected from 64-step display positions in units of 4Tc (Tc 
^oscillation cycle for display). 

The display position in the vertical direction is selected 
from 64-step display positions for each block in units of four 
scanning lines. 

If the display start position of a block overlaps with some 
other block ((b) in Figure 25), a block of the smaller block 
No. (1 to 3) is displayed. 



If when one block is displaying, some other block is dis- 
played at the same display position ((c) in Figure 25), the 
former block is overridden and the latter is displayed. 
The vertical position can be specified from 64-step posi- 
tions (four scanning lines per step) for each block by set- 
ting values 00 16 to 3F 16 to bits 0 to 5 in the vertical position 
register (addresses 00D1 16 to 00D3 16 ) . Figure 23 shows 
the structure of the vertical position register. 
The horizontal direction is common to all blocks, and can 
be specified from 64-step display positions (4Tc per step 
(Tc= oscillation cycle for display)) by setting values 00 16 to 
3F 16 to bits 0 to 5 in the horizontal position register 
(address 00D0 16 ). 

Figure 24 shows the structure of the horizontal position reg- 
ister. 



7 0 
| | | | J | | I Vertical position register 
I I I I I I I Address 00D1 16 to 00D3 16 ) 

I — I — I — I — ' — ' The vertical display start position 

64-step positions (00 16 to 3F 16 ) 



Character size bit 

00 : Small size 

01 : Medium size 

10 I Large size 

1 1 : Extra large size 



Fig. 23 Structure of vertical position registers 



Horizontal position register 
(Address 00D0 16 ) 

The horizontal disolay start oosition 
64-step positions (00 16 to 3F 16 ) 

Horizontal border function of OUT 
out d Lit selection bit 

0 : The same as R, G, B is output 

1 : Border is output 

Border output switch bit 

0 .' Border including character 

1 : Border only 



Fig. 24 Structure of horizontal position register 
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(HR) 



CV2 jl 



CV 3 



Block 2 



Block 3 



(a) Example when each block is separated 



(HR) 



cv 3 x - - 



Block 3 



(b) Example when the display start position of a block overlaps with some other block 



(HR) 



L 



cv 2 - 1 



cv 3 



Block 2 



Block 3 



(c) Example when one block is displaying some other block is superimposed. 



Fig. 25 Display position 
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(3) Character Size 

The size of characters to be displayed can be selected 
from four sizes for each block. Use the bit 6 and 7 of vertic- 
al position register to set a character size. 
The character size can be selected from four sizes: small 
size, medium size, large size, and extra large size. Each 
character size is determined by the number of scanning 
lines in the height (vertical) direction and the cycle of dis- 



play oscillation (=Tc) in the width (horizontal) direction. 
The small size consists of [one scanning line] X [1 Tc] ; the 
medium size consists of [two scanning lines] X [2 Tc] ; the 
large size consists of [three scanning lines] X (3 Tc] ; and 
the extra large size consists of [four scanning lines] X [4 
Tc] . Table 5 shows the relationship between the set values 
in the character size register and the character sizes. 



Table 5. The relationship between the set values of the character size bits and the character sizes 



Set values of the character size bits 


Character 
size 


Width (horizontal) direction 


Height (vertical) direction 


Bit 7 


Bit 6 


0 


0 


Small 


1 T c 


1 


0 


1 


Medium 


2 T c 


2 


1 


0 


Large 


3 T c 


3 


1 


1 


Extra large 


4 T c 


4 



Note : The display start position in the horizontal direction is not affected by the character size In other words, the horizontal start position is common 
to all blocks even when the character size varies with each block. (See Figure 26) 



Small 



Medium 



Large 



Extra large 



<«— Display start position 



Fig. 26 Display start position of each character size (horizontal direction) 



2-29 



MITSUBISHI MICROCOMPUTERS 

M37100M8-XXXSP/FP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 

with ON-SCREEN DISPLAY CONTROLLER 



(4) RAM for Display 

The CRT display RAM is allocated at addresses 2000 16 to 
20D4 16 , and is divided into a display character code spe- 
cifying part and display color specifying part for each block. 
Table 6 shows the contents of the CRT display RAM. 
When a character is to be display at the first character 
(leftmost) position in block 1, for example, it is necessary 
to write the character code to the seven low-order bits 
(bits 0 to 6) in address 2000 16 and the color register No. to 
the two low-order bits (bits 0 and 1) in address 2080 16 . The 
color register No. to be written here is one of the four color 
registers in which the color to be displayed is set in adv- 
ance. For details on color registers, refer to (5) Color Reg- 
isters. 

The structure of the CRT display RAM is shown in Figure 
27. 



Table 6. The contents of the CRT display RAM 



Block 


Display position (from left) 


Character code specification 


Color specification 




1 st Column 


2000 16 


2080! 6 




2 nd Column 


2001 16 


2081 16 




3 rd Column 


2002 16 


2082 16 


Block 1 










19th Column 


201 2 ie 


2092 16 




20th Column 


201 3 16 


2093 16 




21th Column 


201 4 16 


2094 16 




201 5 16 


2095 16 


Not used 


to 


to 




201 F 16 


209F 16 




1 st Column 


2020 16 


20A0 16 




2 nd Column 


2021 16 


20A1 16 




3 rd Column 


2022 16 


20A2 16 


Block 2 










19th Column 


2032 16 


20B2 16 




20th Column 


2033, 6 


20B3 16 




21th Column 


2034 16 


20B4 16 




2035! 6 


20B5 16 


Not used 


to 


to 




203F 16 


20BF 16 




1 st Column 


2040 16 


20C0 16 




2 nd Column 


2041 16 


20C1 16 




3 rd Column 


2042 16 


20C2 16 


Block 3 










19th Column 


2052 16 


20D2 16 




20th Column 


2053 16 


20D3 16 




21th Column 


2054 16 


20D4 16 




2055 16 




Not used 


to 






207F 16 
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Block 1 

[Character specification) 

1st column : 2000 16 _J_ 
to 

21th column : 201 4 16 



- Character code 

Specify 96 characters at 6 to 5F 1( 



[Color specification) 

1st column : 2080! 6 
to 

21th column : 2094 16 



- Former half color register specification in the normal mode 
or in the half character width color select mode 

00 : Color register 0 specification 

01 '. Color register 1 specification 

10 : Color register 2 specification 

1 1 : Color register 3 specification 

- Latter half color register specification 

in the half character width color select mode 

00 '. Color register 0 specification 

01 .' Color register 1 specification 

10 I Color register 2 specification 

1 1 '. Color register 3 specification 



Block 2, 3 

[Character specification) 

1st column : 2020 16 
to 

21th column : 2034 16 



i i i i i i i 



- Character code 

Specify 96 characters at 00! 6 to 5Fi 6 



(Address 2040 16 to 2054 16 in the case of block 3) 



[Color specification) 

1st column : 20A0 16 0 
to 

21th column : 20B4 16 



(Address 20C0i 6 to 20D4i 6 in the case of block 3, 



- Color register specification 

00 : Color register 0 specification 

01 : Color register 1 specification 

10 '. Color register 2 specification 

1 1 : Color register 3 specification 



Fig. 27 Structure of the CRT display RAM 
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(5) Color Registers 

The color of a displayed character can be specified by set- 
ting the color to one of the four color registers (COO to 
C03: addresses 00D4 16 to 00D7 16 ) and then specifying that 
color register with the CRT display RAM. 
There are four color outputs: R, G, B, and I. By using a 
combination of these outputs, it is possible to set 2 4 -1 
(when no output) = 15 colors. However, because only four 
color registers are available, up to four colors can be dis- 
played at one time. 

R, G, B, and I outputs are set by using bits 0 to 3 in the col- 
or register. Bit 4 in the color register is used to set a char- 
acter or blank output; bit 5 is used to specify whether a 
character output or blank output. Figure 28 shows the struc- 
ture of the color register. 

(6) Half Character Width Color Select Mode 

By setting "1" to bit 4 in the CRT control register (address 
00D8 16 ) it is possible to specify colors in units of a half 
character size (vertical 16 dotsX horizontal 6 dots) for char- 
acters in block 1 only. 

In the half character width color select mode, colors of dis- 
play characters in block 1 are specified as follows: 
© The left half of the character is set to the color of the 
color register that is specified by bits 0 and 1 at the 
color register specifying addresses in the CRT display 
RAM (addresses 2080i 6 to 2094 16 ). 
® The right half of the character is set to the color of the 
color register that is specified by bits 2 and 3 at the 
color register specifying address in the CRT display 
RAM (addresses 2080i 6 to 2094 16 ). 









Color of the color register specified by 
bit 0 and bit 1 of address 2080 16 


Color of the color register specified by 
bit 0 and bit 1 of address 2081 16 


Block 1 


(a) Display in the normal mode 








Color of the color register l Color of the color register 
specified by bit 0 and bit 1 i specified by bit 2 and bit 3 
of address 2080 16 J of address 2080 16 


Color of the color register I Color of the color register 
specified by bit 0 and bit 1 J specified by bit 2 and bit 3 
of address 2081 16 • of address 2081! 6 . 


Block 1 




(b) Display in the half character width color select mode 



Fig. 29 Difference between normal color select mode and half character width color select mode 



7 0 

| | [~[~| | I | ~| Color register (Address 00D4 16 to 00D7 16 ) 

^ I pin output bit 

0 : No character is output 

1 : Character is output 

1 B pin output bit 

0 : No character is output 

1 : Character is output 

' G pin output bit 

0 : No character is output 

1 : Character is output 

' R pin output bit 

0 : No character is output 

1 : Character is output 

I ■ OUT pin output bit (Note) 

0 : No character or blank is output 

1 : Character or blank is output 

' OUT pin output control bit (Note) 

0 : OUT pin outputs character 

1 : OUT pin outputs blank 

Note : When the character outlining function is used, the ' 
contents of these two bits (bits 4 and 5) are nullified, 
and the OUT pin output becomes an border output 



Fig. 28 Structure of color registers 
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(7) Multiline Display 

The M37100M8-XXXSP can normally display three lines on 
the CRT screen by displaying three blocks at different ver- 
tical positions. 

In addition, it allows up to 16 lines to be displayed by using 
a CRT interrupt and display block counter. 
The CRT interrupt works in such a way that when display of 
one block is terminated, an interrupt request is generated. 
In other words, character display for a certain block is initi- 
ated when the scanning line reaches the display position 
for that block (specified with vertical and horizontal position 
registers) and when the range of that block is exceeded, 
an interrupt is applied. 

The display block counter is used to count the number of 
blocks that have just been displayed. Each time the display 
of one block is terminated, the contents of the counter are 
incremented by one. 



For multiline display, it is necessary to enable the CRT in- 
terrupt (by clearing the interrupt disable flag to "0" and set- 
ting the CRT interrupt enable bit (bit 6 at address 00FE 16 ) 
to "1"), then execute the following processing in the CRT 
interrupt handling routine. 
© Read the value of the display block cognter. 
© The block for which display is terminated (i.e., the 

cause of CRT interrupt generation) can be determined 

by the value read in ©. 
© Replace the display character data and display position 

of that block with the character data (contents of CRT 

display RAM) and vertical display position (contents of 

vertical position register) to be displayed next. 

Figure 30 shows the structure of the display block 

counter. 



Display block counter 
(address 00D9 16 ) 

- Indicates number of blocks 
that are being displayed or 
were displayed 



Fig. 30 Structure of display block counter 



Count value Interrupt position 



Block 1 



Block 3 ' 



Fig. 31 Timing of CRT interrupt and count value of display block counter 
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(8) Scanning Line Double Count Mode 

One dot in a displayed character is normally shown by one 
scanning line. In the scanning line double count mode, one 
dot can be shown by two scanning lines. As a result, the 
displayed dot is extended two times the normal size in the 
vertical direction only. (That is to say, the height of a char- 
acter is extended twofold.) 

In addition, because the scanning line count is doubled, the 
display start position of a character is-also extended two- 
fold in the vertical direction. In other words, whereas the 
contents set in the vertical position register in the normal 
mode are 64 steps from 00 16 to 3F 16 , or four scanning lines 
per step, the number of steps in the scanning line double 



count mode is 31 from 00 16 to 1F 16 , or eight scanning lines 
per step. 

If the contents of the vertical position register for a block 
are set in the address range of 20 16 to 3F 16 in the scanning 
line double count mode, that block cannot be displayed 
(not output to the CRT screen). 

In the scanning line double count mode can be specified 
by setting bit 6 in the CRT control register (address 
00D8 16 ) to "1". 

Because this function works in units of screen, even when 
the mode is changed the mode about the scanning line 
count during display of one screen, the double count mode 
only becomes valid from the time the next screen is dis- 
played. 



Vertical position A 

Scanning line 16 lines 



AX2 



Vertical position AX2 



Scanning line 32 lines 



(a) Display in the normal mode 



(b) Display in the scanning line double count mode 



Fig. 32 Display in the normal mode and in the scanning line double count mode 
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(9) Horizontal Character Border Function 

An border of a one clock (one dot) equivalent size can be 
added to a character to be displayed only horizontal direc- 
tion. 

The border is output from the OUT pin. In this case, bits 4 
and 5 in the color register (contents output from the OUT 
pin) are nullified, and the border is output from the OUT 
pin instead. 

Border can be specified in units of block by using the bit 6 
and 7 of horizontal position register. Table 7 shows the re- 
lationship between the values set in the horizontal position 
register and the character border function. 



Table 7. The relationship between the value set in the horizontal position register and the character border function 



Horizontal position register 



Bit 7 



Bit 6 



Example of output 



R, G, B, I output 
OUT output 



Border including character 



R, G, B, I output 
OUT output 



_n_ 



Border not including character 



R, G, B, I output 
OUT output 




□ is border. 

■ is display by character data. 



Fig. 33 Example of border 
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(10) Clock Oscillating Circuit for Display 

The clock signal for display can be obtained by connecting 
a resistor and a capacitor between the I/O ports of the 
oscUlating circuit (OSC1 and OSC2) . Figure 34 shows an 
example of circuit. 



Fig. 34 Example of oscillating circuit for display 

(11) Programming Notes 

1 . Use STA instruction for data transfer to the following 
registers related to OSD functions. 
© Horizontal position register (address 0OD0 16 ) 
© Vertical position registers (address 00D1 16 to 00D3 16 ) 
® Color registers (address 00D4 16 to 00D7 16 ) 
® CRT control register (address 00D8 16 ) 

2 . Do not display the display OFF blocks having different 
character sizes on a block display 

3. The highest vertical position (the vertical display start 
position bits are "00 16 ") can not be used. 

4. The interrupt to tell the end of block display is not 
caused and the display block counter is not in- 
cremented until the display of the block has been com- 
pleted terminated. 

5. The display block counter (00D9 16 ) is reset while 
Vsync is "H" (when the option is positive in polarity) to 
"FF 16 ". 

6 . If, during the display of a block, the display position of 
another block comes, the display of the subsequent 
block (having a larger vertical position register value) 
is preferred. 

7 . When two or more blocks are displayed in the same 
vertical position, the display priority is CV1, CV2, and 
CV3 in this order. This is not affected by turning on/off 
of block display. 



M37100M8-XXXSP 



OSC1 



OSC2 
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RESET CIRCUIT order address, when the RESET pin is held at "L" level for 

The M37100 is reset according to the sequence shown in no less than 2/iS while the power voltage is 5V±10% and 

Figure 36. It starts the program from the address formed by the crystal oscillator oscillation is stable and then returned 

using the content of address FFFF 16 as the high order to "H" level. The internal initializations following reset are 

address and the content of the address FFFE 16 as the low shown in Figure 35. 



Address 

(1 ) Port PO directional register ( D 0 )( E 1 16 ! 

(2) Port P1 directional register ( D 1 )( E 3 16 ! 

(3) Port P2 directional register ( D 2 )( E 5 16 i 

(4) Port P3 directional register ( D 3 )( E 9 16 ! 

(5) Port P4 directional register ( D 4 ) ( E B 16 ! 

(6) Port P5 directional register ( D 5 )( E D 16 i 

(7) Port P6 directional register ( D 6 )( E F 16 ' 

(8) PWM control register ( P M ) ( F 5 16 ! 

(9) Serial l/0 A mode register (SM)(F 6 16 i 

(10) PWM output control register ( P N )( F 9 16 

(11) Interrupt control register2 ( I N )( F B 16 

(12) Timer 2 (T2)(FC 16 

(13) Timer 3 (T3)(FD 16 

(14) Interrupt control register 1 ( I M)(F E 16 

(15) Timer control register ( T M)( F F 16 i 

(16) Processor status register (PS. 

(17) Program counter (PC H 

(pc L : 

(18) Horizontal location register ( H R ) ( D 0 16 ! 

(19) Color register 0 (CO0)(D4 16 : 

(20) Color register 1 (C01)(D5 16 

(21) Color register 2 (C02)(D6 16 

(22) Color register 3 (CO 3 ) ( D 7 16 : 

(23) Display control register ( C C ) ( D 8 16 

(24) Serial l/0 B mode register ( S B )( D A 16 

(25) Special mode register ( S C )( D B 16 



) Counter 0 



( D D 1 



Note Since the contents of both registers 
above and the RAM are undefined at 
set initial values 



0 0, 



0 0, 



0 d 



0 0 0 0 0 0 0 



0 0 0 0 0 0 



0 d 



o o 16 



0 0 0 0 0 0 



0 0 



F F 16 



0 7 16 



0 0 16 



o o 16 



Contents of address 
FFFF 16 



0 0 16 



0 0 0 0 0 0 



0 0 0 0 0 0 



0 0 0 0 0 0 



0 0 0 0 0 0 



0 0 0 0 0 0 0 



0 0,e 



0 0 0 0 0 0 0 



FF 16 



other than those listed 
reset, it is necessary to 



Fig. 35 Internal state of microcomputer at reset 
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f(x ^ jiRir 



RESET 

RESETqui 
SYNC 

Address 
Data 



-JllWUUUir 



V Reset address from 



8 to 12 clock cycles 



Note 1 : Frequency relation of f(X !N ) and 4> is f(X, N )=4-0 
2 : The mark " ? " means that the address is changing 
depending upon the previous state 



Fig. 36 Timing diagram at reset 
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I/O PORTS 

(1) PortPO 

Port PO is an 8-bit I/O port with N-channel open drain 
and middle voltage output. 

As shown in the memory map (Figure 2), port PO can 
be accessed at zero page memory address 00E0 16 - 
Port PO has a directional register (address 00E1 16 ) 
which can be used to program each individual bit as 
input ("0") or as output ("1"). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 
Depending on the contents of the processor mode bits 
(bit 0 and bit 1 at address 00FF 16 ) , three different 
modes can be selected; single-chip mode, eva-chip 
mode and microprocessor mode. 
In these modes it functions as address (A 7 -A 0 ) output 
port (excluding single-chip mode) . For more details, 
see the processor mode information. 

(2) Port P1 

In single-chip mode, port P1 has the same function as 
port PO but the output structure is not middle voltage. It 
can be built in pull-up register at each pin by selecting 
the option. In other modes, it functions as address (A 15 - 
A 8 ) output port. 

Refer to the section on processor modes for details. 

(3) PortP2 

In single-chip mode, port P2 has the same function as 
port P1. In other modes, it functions as data (D 0 -D 7 ) in- 
put/output port. 

Refer to the section on processor modes for details. 

(4) PortP3 

In single-chip mode, port P3 has the same function as 
port P1. P3 2 -P3 7 have program selectable dual func- 
tions. P3 0 , P3i function as control signals input/output 
port except in the single-chip mode. Refer to the sec- 
tion on processor modes for details. 

(5) PortP4 

This is an 1-bit I/O port with function similar to port PO, 

but the output structure is CMOS output. 

This port is unaffected by the processor mode bits. 

(6) Port P5 

This is an 7-bit I/O port with function similar to port P1 . 
P5 4 -P5 7 have program selectable dual functions. P5 2 , 
P5 3 are shared with external interrupt input pins (INT^ 
INT 2 ) 

This port is unaffected by the processor mode bits. 



(7) PortP6 

This is an 6-bit input/output port with function similar to 
port PO. The output structure of P6 0) P6! is CMOS out- 
put and the output structure of P6 2 -P6 5 is N-channel 
open drain and middle voltage. 
P6 0 -P6 5 have program selectable dual functions. 
This port is unaffected by the processor mode bits. 

(8) Function pins for CRT display function 

The horizontal synchronizing signal is input from H S ync- 
The vertical synchronizing signal is input from V S ync- 
I, B, G, R, OUT are output pins for CRT display. 
Refer to the section on CRT display functions for de- 
tails. 

(9) 0pin. 

The internal system clock (1/4 the frequency of the 
oscillator connected between the X| N and Xqut pins) 
can be output from this pin by selecting the option 
At low-speed mode, X CIN divided by 2 is output from 
this pin. 
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Port PO, P6 2 -P6 5 



Data bus~ 



Directional register 



Port latch 



^1 



N-channel open drain output 



-f-O Port P0 > P62-P65 



Port P1 , P2 



Mask option | 



- [Directional registerj - 



Port latch 



1 



Note •* P6 2 -P6 6 may also be 

used as PWM output pins. 



N-channel open drain output 



^1 



O Port P1, P2 



Port P3, P5 



t 



Data bus~ 



- jPirectional registerj — 



^1 



-4 



N-channel open drain output 
O Port P3, P5 



11 
At 



Note : P3, P5 may also be 

used as serial I/O pins 



Port P4 7l P6 0l P6! 



-4- 



J Directional registerf- 



Port latch 




1 



CMOS Tri-state output 
-O Port P4 7) P6 0> PBi 



Note : P6 0 may also be used as timer 
output pin and P6t may also 
be used as PWM output pin 



Hsync. V S YNC 



Data bus 



■0- Schmitt input 



<f>, R, G, B, I, OUT 



■"O ^sync. Vsync 



CMOS output 

t 



Data bus 



-O 4>, R, G, B, I, OUT 



Fig. 37 Ports P0-P6, H S ync. V SY nc, 0> R> G, B, I and OUT block diagram 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 0 
and 1 at address 00FF 16 ) , three different operation modes 
can be selected; single-chip mode, microprocessor mode 
and evaluation chip (eva-chip) mode. In the microp- 
rocessor mode and eva-chip mode, ports P0-P3 can be 
used as multiplexed I/O for address, data and control sig- 
nals, as well as the normal functions of the I/O ports. 
Figure 39 shows the functions of ports P0-P3. 
The memory map for the single-chip mode is illustrated in 
Figure 1 and for other modes, in Figure 38. 
By connecting CNV SS to V ss , all three modes can be 
selected through software by changing the processor mode 
bits. Supplying 10V to CNV SS places the microcomputer in 
the eva-chip mode, The three different modes are ex- 
plained as follows: 



0000 16 








00BF 16 


Internal RAM 




Internal RAM 


00D0 16 


Not used 




Not used 


miscellaneous 





miscellaneous 


00DF 16 


registers 




registers 


00E0 16 






Port P0-P2 


00E6 16 


miscellaneous 




miscellaneous 


00FF 16 


registers 




registers 


0100 16 
017F 16 


Internal RAM ' 




Internal RAM 


2000 16 
20D4 16 


Not used 




Not used 


RAM for display 




RAM for display 


3000! 6 
35FF 16 


Not used 




Not used 


ROM for display 1 




ROM for display 1 


3800! 6 


Not used 




Not used 








3DFF 16 


ROM for display 2 




ROM for display 2 




Not used 




Not used 


4000 16 








C000 16 














FFFF 16 









Microprocessor mode Eva-chip mode 

The shaded area is external memory area 



(1) Single-chip mode [00] 

The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNV S s is con- 
nected to V ss . Ports P0-P3 will work as original I/O 
ports. 

(2) Microprocessor mode [01] 

The microcomputer will be placed in the microp- 
rocessor mode when CNV S s is connected to V S s and 
the processor mode bits are set to "01". 
In this mode, the internal ROM is inhibited so the ex- 
ternal memory is required. 

In this mode, port P0 and P1 are used as the system 
address bus and the original function of the I/O pins is 
lost. Port P2 becomes the data bus (D 7 -D 0 ) and loses 
its normal output functions. Port P3i and P3 0 become 
the SYNC and R/W pins, respectively and the normal I/ 
O functions are lost. 

(3) Eva-chip mode [11] 

When 10V is supplied to CNV SS pin, the microcomputer 
is forced into the eva-chip mode. 
In this mode, the internal ROM is inhibited so the ex- 
ternal memory is required. 

The lower 8 bits of address data for port P0 is output 
when 0goes to "H" state. When 0 goes to the "L" 
state, P0 retains its original output functions. 
Port P1's higher 8 bits of address data are output when 
0 goes to "H" state and as it changes back to the "L" 
state it retains its original output functions. Port P2 re- 
tains its original output functions while 0 is at the "H". 
state, and works as a data bus of D 7 -D 0 (including in- 
struction code) while at the "L" state. Pins P3^ and P3 0 
output the SYNC and R/W control signals, respectively 
while </> is in the "H" state. When in the "L" state, P3 t 
and P3 0 retain their original I/O function. 
The R/W output is used to read/write from/to the out- 
side. When this pin is in the "H" state, the CPU reads 
data, and when in the "L" state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 
"FT state when it fetches the OP CODE. 
The relationship between the input level of CNV SS and 
the processor mode is shown in Table 8. 

Note : The standards of M371 00M8-XXXSP/FP is 
assured only in single-chip' mode. Use in the 
microprocessor mode or the eva-chip mode 
only at program development. 



Fig. 38 External memory area in processor mode 
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CM 1 


0 


1 


0 


CM 2 


0 


1 


1 


\ Mode 
Port \ 


Qinnlo_/"*hin mnrlo 

oiny ic-uiiip iiiuuc 


Eva-chip mode 


Microprocessor mode 


Port PO 






1 






•j 


* 1 r~ 


Ports P0 7 -P0 0 


Ports PO7-PO0 


Ports PO7-PO0 


"V/ 

Y I/O port 




Y Address y 

_A A? A_ 








Port P1 






1 






,j 


. 1 r~ 
d 1 


rOriS rlyrlo 


Ports PI7- 


p-lo 


Ports P1 7 -P1 0 


Y I/O port 


XT.TX '"-X 


^\/ AHrlracc \ f"* 

Y Aaaress w 








Port P2 


d 1 

Ports P2 7 -P2 0 


'J I I 

. Ports P2 7 -P2 0 


d r 

Ports P2 7 -P2 0 


< I/O port 


"V Output W Data V" 

A port A D7-D0 A 


"A / Data \ 
/ -\ D 7 _ Do /■- 








Port P3 


d 1 r 

Ports P3 7 -P3 0 


•j r 

Ports P3 7 -P3 2 


d r 

-j 1 

Ports P3 7 -P3 2 


I/O port 


I/O port 


I/O port 




Port P3, 


Port P3! 


SYNC 1/0 port X" 




Port P3 0 


Port P3 0 


"X «« X«""X" 









Fig. 39 Processor mode and functions of ports P0-P3 



Table 8. Relationship between CNV S s pin input level and processor mode 



CNVss 


Mode 


Explanation 


V SS 


• Single-chip mode 

• Eva-chip mode 

• Microprocessor mode 


The single-chip mode is set by the reset 

All modes can be selected by changing the processor mode bit with the program 


10V 


• Eva-chip mode 


Eva-chip mode only 
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CLOCK GENERATING CIRCUIT 

The M37100M8-XXXSP has two internal clock generating 
circuits. Figure 41 shows a block diagram of the clock 
generating circuits. Normally, the frequency applied to the 
clock input pin X !N divided by four is used as the internal 
clock (timing output) 4>. Bit 7 of seriari/0 A mode register 
can be used to switch the internal clock 0to 1/2 the fre- 
quency applied to the clock input pin X C in- 
Figure 40 shows a circuit example using a ceramic (or 
crystal) oscillator. Use the manufacturer's recommended 
values for constants such as capacitance which will differ 
depending on each oscillator. 

The M37100M8-XXXSP has two low power dissipation mod- 
es; stop and wait. The microcomputer enters a stop mode 
when the STP instruction is executed. The oscillator (both 
X| N clock and X C | N clock) stops with the internal clock <t> 
held at "H" level. In this case timer 2 and timer 3 are forc- 
ibly connected and <t>l 8 is selected as timer 2 input. When 
restarting oscillation, FF 16 is automatically set in timer 2 and 
07 16 in timer 3 in order to enable the oscillator to stabilize. 
Before executing the STP instruction, the timer 2 count stop 
bit must be set to supply ("0"), timer 2 interrupt enable bit 
and timer 3 interrupt enable bit must be set to disable 
("0"). 

Oscillation is restarted (release the stop mode) when INT^ 
INT 2 , or serial l/0 A or serial I/O b interrupt is received. The 
interrupt enable bit of the interrupt used to release the stop 
mode must be set to "1". When restarting oscillation with an 
interrupt or canceling a reset, the internal clock <f> is held 
"H" until timer 3 overflows and is not supplied to the CPU. 
The microcomputer enters a wait mode when the WIT in- 
struction is executed. The internal clock 4> stops at "H" 
level, but the oscillator does not stop. 4> is re-supplied (wait 
mode release) when the microcomputer is reset or when it 
receives an interrupt. 

Instructions can be executed immediately because the 
oscillator is not stopped. The interrupt enable bit of the in- 
terrupt used to reset the wait mode must be set to "1" be- 
fore executing the WIT instruction. 

Low power dissipation operation is also achieved when the 
X, N clock is stopped and the internal clock <t> is generated 
from the X C | N clock (60^ A or less at f (X aN ) = 32kHz) . X, N 
clock oscillation is stopped when the bit 6 of serial l/0 A 
mode register (address 00F6 16 ) is set and restarted when 
it is cleared. However, the wait time until the oscillation sta- 
bilizes must be generated with a program when restarting 
Figure 42 shows the transition of states for the system 
clock. 



M37100M8-XXXSP 

X|N Xqut Xqin X cout 




29 30 



C|N T CqUT 




777" w mm 



CciN T CqOUT 



Fig. 40 Example ceramic resonator circuit 
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0 . . . Internal system 

SyS l m nh? clock source 

st °P b,t selection SM 7 

SM 6 
SM 7 



1/2 -J 1/8 



Timer 2 



Timer 3 



Timer 2 count source 
selection TM 3 



Timing <t> 
(internal clock) 



Q S 



STP 
instruction 



S Q 1 I Q S 



WIT 
instruction 




Reset 



- STP instruction 



Reset 




Interrupt disable flag I 
Interrupt request 



Fig. 41 Block diagram of clock generating circuit 
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The above example assumes that signals of 4MHz and 32kHz are being applied to pins X, N X C in respectively <f> signifies the internal clock 

Note 1 I Approximately 8ms of latency time are automatically generated upon release 
from the STP instruction due to connections of timer 2 and 3 

2 : Approximately 500ms of latency time exists after the release of the STP instruction. 

3 : When the internal clock 1/8 frequency is connected as a timer count source the count source becomes 2kHz 



Fig. 42 Transition of states for the system clock 
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<lAn example of flow for system^ 



Power on reset 
1 

Clock X and clock for clock function X c oscillation 
Internal system clock start (X—1/4-+ 4>) 
Program start from RESET vector 

••—Operating at 4 MHz 



Normal program 



** o 
S | 

05 = 



Internal clock <f> source switching X( 4 MHz)— X c (32. 768kHz) (SM 7 : 0 - 

Clock X halt(X c in operation) 

Internal clock halt(WIT instruction) 
1 

♦Timer 3 (clock count) overflow 
i 

Internal clock operation start (WIT instruction released) 



•1 ) 



Clock processing routine *- Operating at 32. 768kHz 



-Internal clock halt (WIT instruction) 

Interrupts from INT 1t timer 2, timer! or serial I/O a , INT 2 or serial I/O b 

Internal clock operation start (WIT instruction released) 

Program start from interrupt vector 

Clock X oscillation start 
I 



Oscillation rise time routine (software) 



-Operating at 32. 768kHz 



i 



Internal clocks source switching (X C -*X)(SM 7 : 1 -* 0 ) 



Normal program 



♦Operating at4MHz 



2 
< 

DC 



STP instruction preparation (pushing registers) 



i 

Timer 2^ timer 3 interrupt disable, (IM 4 = 0 , TM 6 = 0 ) 

Timer 2^count stop bit resetting (TM 5 — 0 ) 

Clock X and clock for clock function X c halt (STP instruction) 



RAM backup status 



Interrupts from INT 1t serial I/O a , INT 2 , serial I/O b 

Clock for clock function X c oscillation start 

Timer 3 overflow (X c /8-*timer 2 -»timer 3) 
(Automatically connected by the hardware) 

Internal system clock start (X c -*1/2-»>0) 

Program start from interrupt vector 



Normal program 
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PROGRAMMING NOTES 

(1) Processor status register 

1 . Except for the interrupt disable flag ( I ) being set to 
"1", the content of the processor status register (PS) 
is unpredictable after a reset. Therefore, flags affect- 
ing program execution must be initialized. 
The T flag and D flag which affect arithmetic opera- 
tions, must always be initialized. 

2 . A NOP instruction must be used after the execution 
of a PLP instruciton. 

(2) Interrupts 

Even though the BBC and BBS instructions are ex- 
ecuted just after the interrupt request bits are modified 
(by the program), those instructions are only valid for 
the contents before the modification. Also, at least one 
instruction cycle must be used (such as a NOP) be-, 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) Decimal operations 

1 . Decimal operations are performed by setting the de- 
cimal mode flag (D) and executing the ADC or SBC 
instruction. In this case, there must be at least one 
instruction following the ADC or SBC instruction be- 
fore executing the SEC, CLC, or CLD instruction. 

2. The N (Negative), V (Overflow), and Z (Zero) flags 
are ignored during decimal mode. 

(4) Timers 

The frequency dividing ratio of timer is 1/(n-M ). 

(5) STP instruction 

The STP instruction must be executed after setting the 
timer 2 count stop bit (bit 5 at address 00FF 16 ) to 
supply ("0"). 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

• mask ROM order confirmation form 

• mask specification form 

• ROM data EPROM 3 sets 

Write the following option on the mask confirmation form 

(1) Port P1 pull-up transistor bit 

(2) Port P2 pull-up transistor bit 

(3) X| N and X C in oscillation feed-back registers 

(4) CRT display signal input/output polarity 

(5) <f> output 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to Vss 
Output transistors are 
at "off" state 


—0. 3 to 6 


V 


V, 


Input voltage RESET, CNV SS 


-0.3 to 13 


V 


v i 


Input voltage P0 0 -P0 7l PI0-PI7. P2 0 -P27, 
P3 0 -P3 7l P4 7> P5 r P5 7 , 

P60-P65, HsYNC. VsYNC 
X|N. XciN. OSC1 


— 0 3 to \A— -1-0 3 


v 


Vo 


Output voltage P0 0 -P0 7 , P6 2 -P6 5 


-0.3 to 13 


V 


V 0 


Output voltage PI0-PI7, P2 0 -P2 7> P4 7 , 

P3 0 -P3 7 , P5rP5 7 , P6 0 , P61, X 0 ut, <f>, 
Xcout, OSC2, R, G, B, I, OUT 


—0. 3 to Vcc+0. 3 


V 


• oh 


Circuit current P6 0 , P6!, P4 7 , R, G, B, I, OUT 




' 0 to 10(Note 1) 


mA 


•oL1 


Circuit current PI0-PI7, P2 0 -P2 7 , P3 0 -P3 7 , P4 7 , 

P5 r P5 7 , P6 0 , P6!, R, G, B, I, OUT 




0 to 15(Note 2) 


mA 


'oL2 


Circuit current P0 0 -P0 7) P6 2 -P6 5 


V 0 ^7V 


0 to 15(Note 2) 


mA 


V 0 >7V 


0 to 1( Note 2) 


Pd 


Power dissipation 


T a = 25°C 


1000(Note 3) 


mW 


Topr 


Operating temperature 




-10 to 70 


°C 


Tstg 


Storage temperature 




-40 to 125 


°C 



Note 1 I The total of I 0 h should be 20mA(max). 

2 The total of l 0 u and \ OL2 should be 50mA(max) 

3 '. 600mW in case of the flat package 



RECOMMENDED OPERATING CONDITIONS 

(V C c=5V±10%, Ta=-10 to 70°C unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ. 


Max 


Vcc 


Supply 

voltage 
(Note 1) 


Normal speed mode f(X, N )-4MHz 

f(OSC1)=5MHz 


4.5 


5.0 


5.5 


V 


Low-speed mode f(X C iN)=32kHz 


3.0 


5.0 


5.5 


V ss 


Supply voltage 


0 


0 


0 


V 


V,h 


"H" input voltage P0 0 -P0 7 , PI0-PI7, P2 0 -P2 7 , 
P3 0 -P3 7 , P4 7l P5i-P5 7 , 
P6 0 -P6 5) RESET, X lN> X C in, 

HsYNd VsYNC 


0. 8V CC 




Vcc 


V 


V, u 


"L" input voltage P0 0 -P0 7 , PI0-PI7, P2 0 -P2 7 , 
P3 0 , P3i, P3 3 -P3 5> P3 7l P4 7) 
P5i, P5 4 , P5 5 , P5 7 , P60-P65 


0 




0. 4V CC 


V 


V, L 


"L" input voltage P3 2 , P3 6 , P5 2 , P5 3 , P5 6 , RESET, 

X|N. XciN. HsYNC. VsYNC 


0 




0. 2V CC 


V 


loL(avg) 


"L" average output current P0o-P0 7 , P1 0 -P1 7) 

P2 0 -P2 7 , P3o-P3 7> P4 7) 
P5 1 -P5 7 , P60-P65, 
R, G, B, I, OUT 






5 


mA 


'oL(avg) 


"L" average output current 
P0 0 -P0 7 , P6 2 -P6 5 


V 0 ^7V 






5 


mA 


V 0 >7V 






1 


'oH(avg) 


"H" average output current P4 7 , P6 0 , P61, R, G, B, 1, OUT 






2 


mA 


f(x IN ) 


Oscillating frequency (Note 2) 


3.6 


4 


4.4 


MHz 


f(Xc, N ) 


Oscillating frequency 


29 


32 


35 


kHz 


f(OSd) 


Oscillating frequency 


4 


5 


6 


MHz 



Note 1 : Apply 0.022//F or greater capacitance externally to the V cc power supply pin so as to reduce 
power source noise 

2 : Use a ceramic resonator or a quartz crystal oscillator to generate of mam clock 
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ELECTRICAL CHARACTERISTICS (v cc =5v±io%, v ss = o v, T a =-io to70°c, t(x 1N )=4MHz) 



- Symbol 


Parameter 


Test conditions 


Limits 


Unit 




Typ 


Max 


v OH 


"H" output voltage P47, P6o, P6-|, R, G, B, I, OUT 


\Z" CC =4. 5v, | 0H = —0. 5mA 


2.4 






v 


VoH 


"H" output voltage 4> 


V cc =4. 5V 
Ioh =— 2. 5mA 


2.4 






V 


Vol 


"L" output voltage P0 0 -P0 7 , P2 0 -P2 7) P3 0 -P3 7 , 
P4 7l P5i-P5 7 , P6 0 -P6 5l 
R, G, B, I, OUT 


V cc =4. 5V 
Iol =0. 5mA 






0. 4 


V 


Vol 


"L" output voltage P1 0 -P1 7 


V cc =4. 5V 
l OL =i0mA 






1.5 


V 


Vol 


"L" output voltage <f> 


V cc =4. 5V 
Iol =2. 5mA 






2 


V 


Vt+ — V T - 


nysieresis ntoti 


\/ cc =5_ ov 




u. 0 


n "7 
u. / 




vt+ V T - 


nysieresis ro2> ro§, r02, "03. r 06. ""sync »sync 


\/ cc =5. ov 




0.5 


1.3 






Pull-up transister (Note 1) 
pi ..pi , po._ po_ 


V C c=5. OV 
\Z |= 0V 


15 


30 


60 


kn 


i 

>OZH 


"H" input leak current P0 0 -P0 7 , P1 0 -P1 7 , P2 0 -P2 7 , 

rOO "07, r H?, rOl _ rv) 7 , "Do r 05, 

RESET, Hsync. Vsync 


V cc =5. 5V 
V 0 =5. 5V 






5 




loZH 


"H" input leak current P0 0 -P0 7 , P6 2 -P6 5 


V cc =5. 5V 
V 0 =12V 






1 0 


//A 


'oZL 


"L" input leak current P0 0 -P0 7> P1 0 -P1 7 , P2 0 -P2 7> 

P3o-P3 7 , P4 7 , P5i-P5 7 , P6 0 -P65, 
Hsync. Vsync. RESET 


V cc =5. 5V 
V o =0V 






5 


A* A 


Vram 


RAM retention voltage 


At stop mode 


2. 5 




5. 5 


V 






V CC =5.5V f(X, N )=4MHz 

At system operation and CRT display off 




5 


10 








V CC =5.5V f(X| N )=4MHz 

At system operation and CRT display on 




7 


14 


mA 






V CC =5.5V f(X 1N )=4MHz 
At wait mode 




1 






Ice 


Supply current 


X|N~ XouT Stop 

f(X C i N )=32kHz 
At system operation 


V cc =5. 5V 




60 


200 




V CC =3V 




25 










X|N~ XoUT StOp 

f(X C iN)=32kHz 
At wait mode 


V cc =5. 5V 




25 


100 








V CC =3V 




5 








At stop mode 


V cc =5. 5V 




1 


10 








V CC =3V 




0.6 







Note 1 : Pull-up transistor is mask option. 
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DESCRIPTION 

The M371 02M8-XXXSP/FP is a single-chip microcomputer 
designed with CMOS silicon gate technology. It is housed 
in a 64-pin shrink plastic molded DIP or an 80-pin plastic 
molded QFP. This single-chip microcomputer is useful for 
the high-tech channel selection system for TVs. 
In addition to their simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

The differences between the M371 02M8-XXXSP/FP and 
the M37201 M6-XXXSP are noted below. The following ex- 
planations apply to the M37102M8-XXXSP. Specification 
variations for other chips are noted accordingly. 



Type name 


ROM size 


RAM size 


M371 02M8-XXXSP/FP 


1 6384 bytes 


320 bytes 


M37201 M6-XXXSP 


24576 bytes 


384 bytes 



FEATURES 

• Number of basic instructions • 69 

• Memory size ROM - 16384 bytes ( M371 02M8-XXXSP/FP) 

24576 bytes (M37201M6-XXXSP) 

RAM 320 bytes ( M371 02M8-XXXSP/FP) 

384 bytes (M37201M6-XXXSP) 

• Instruction execution time 

ljus (minimum instructions at 4MHz frequency) 

• Single power supply 5V±10% 

• Power dissipation 

normal operation mode (at 4MHz frequency) 
110mW (V CC =5.5V, CRT display) 

• Subroutine nesting 96 levels (Max.) 

• Interrupt 13types, 13vectors 

• 8-bit timer 4 

• Programmable I/O ports ' 

(Ports P0, P1, P2, P3, P4, P6) 47 

• Output port (Port P5) 5 

• Serial I/O (8-bit) 2 

• PWM function 1 4-bitX 1 

8-bitXl0 

• A-D converter (4-bit resolution) 2 channels 

• 72-character on screen display function 

Number of character 24 charactersX3 lines 

Kinds of character 126 



PIN CONFIGURATION (TOP VIEW) 



I/O port P6 



Oscillation input for 
display OSC1 -+ LI 

Oscillation output for nQ «, . TT 
display , ObO^L£ 
P3 6 /INT 2 /A-D2**[T 
I/O port r- 
P3 P j P3 5 /A-D1**|7 

1 4-bit PWM output D-A *- Q[ 
P6 o /PWM0**[I 
P6!/PWM1 **[T 
P6 2 /PWM2 ** Q[ 
P6 3 /PWM3**[jo 
P6 4 /PWM4 ** |TT 
P6 5 /PWM5 ** |H 
P6 6 /PWM6 ** [H 
P6 7 /PWM7**0i 
P3 3 /TIM3**[T5 
P3 2 /TIM2**[j6 

_ P3 0 m 

P4 7 /S RDY2 /PWM8 **[l9 
P4 6 /S, N2 /PWM9 ++|20 
P4 5 /S CLK 2^E 
P4 4 /Sout2^[1 
P4 3 /S RDY1 
P4 2 /S, N1 **H 

P4 1 /S CL K1 ~H 

P4 0 /S OU T1 ~H 
CNV SS W 



I/O port P3 



I/O 
port 
P4 



Timing output 
Reset input 
Clock input 
Clock output 



0«-H 

RESET -*H 

x IN — H 

xout "*~ m 

V SS 



2 2 

CO CO 
-si -sj 
N) -i. 

o o 

N> 

O) oo 

X X 

X X 

X X 

CO CO 



'"'SYNC 
^SYNC 



v< 

H«-H; 

U] R/P5 2 
ID— G/P5 3 

U— B/P5 4 
H-> l/P5 5 
57]— OUT/P5, 
H^POo 
POi 

54] — po 2 
I]**P0 3 

m**po 4 

So]** P0 6 

U^po 7 

H~P1o 

U^Pl! 

U^pi 2 
H~pi 3 

44|^ P1 4 

!~P1 5 

l**P1e 

30**pi 7 

40]**P2 0 

m— P2! 

38]** P2 2 
37]**P2 3 
36]** P2 4 
H**P2 5 
34]**P2 6 
33]** P2 7 



Output 

port 

P5 



I/O port P0 



I/O port P1 



I/O port P2 



Outline 64P4B 



APPLICATION 

TV 
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PIN CONFIGURATION (TOP VIEW) 



NC 
B/P5 4 « 
G/P5 3 * 
R/P5 2 « 

VsYNC _ 
HsYNC " 

NC 

V CC 
Vss 
OSC1 - 
OSC2- 
NC 

P3 6 /INT 2 /A-D2 - 
P3 5 /A-D1 - 
P34/INT! - 
D-A« 



Z^OQ.Q.Q.Q.iQ.QLQ.ZZZia.Q.Q.Q.Q.Q.Q.Q.Q. 

t tttlHtH HMUtUt 
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FUNCTIONS OF M37102M8-XXXSP 



Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


]/us (minimum instructions, at4MHz frequency) 


Clock frequency 


4MHz 


Memory size 


M371 02M8-XXXSP/FP 


ROM 


16384bytes 


RAM 


320bytes 


M37201M6-XXXSP 


ROM 


24576bytes 


RAM 


384bytes 


Input/Output ports 


PO, PI, P2 


I/O 


8-bitX3 


P3 0 , P3, 


I/O 


2-bitX1 


P3 2 -P3 6 


I/O 


5-bitX 1 (can be used as timer input pins, INT^ INT 2 input pins and A-D 
input pins) 


P4 


I/O 


8-bitXl (can be used as serial I/O function pins and PWM output pins) 


P5 


Output 


5-bitX1 (can be used as R, G, B, I, OUT pins) 


P6 


I/O 


8-bitX1 (can be used as PWM output pins) 


Serial I/O 


8-bitX2 (Special serial I/O (8-bit)X1 ) 


Timers 


8-bit timerX4 


Subroutine nesting 


96levels (max ) 


Interrupt 


Two external interrupts, nine internal interrupts, 
one software interrupt 


Clock generating circuit 


Two built-in circuits (externally connected ceramic or quartz crystal oscillator) 


Supply voltage 


5V±10% 


Power dissipation 


at CRT display ON 


110mW (clock frequency X| N =4MHz, V C c=5. 5V, Typ.) 


at CRT display OFF 


55mW (clock frequency X, N =4MHz, V cc =5. 5V, Typ ) 


at stop mode 


1.65mW (Max ) 


Input/Output characteristics 


Input/Output voltage 


5V (Port P4 6) P4 7 , P60-P67) 


Output current 


10mA (Port P2 4 -P2 7 ) 


Operating temperature range 


-10 to 70°C 


Device structure 


CMOS silicon gate process 


Package 


M37102M8-XXXSP, M37201 M6-XXXSP 


64-pin shrink plastic molded DIP 


M37102M8-XXXFP 


80-pin plastic molded QFP 


CRT display function 


Number of character 


24 charactersX3 lines 


Kinds of character 


126(12X16 dots) 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc. 
V SS 


Supply voltage 




Power supply inputs 5V±10% to V C c> and OV to V S s 


CNV SS 


CNVss 




This is connected to V S s- 


RESET 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2/iS (under normal Vcc 
conditions) 

If more time is needed for the crystal oscillator to stabilize, this "L" condition should be maintained for the 
required time. 


X|N 


Clock input 


Input 


This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the X| N and X 0 ut pins If an external clock is used, the clock 
source should be connected the Xin pin and the Xout pm should be left open. 


XoUT 


Clock output 


Output 




Timing output 


Output 


This is the timing output pin. 


PO0-PO7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output At reset, this port is set to input mode. The output structure is CMOS output 


P10-P17 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO 


P2 0 -P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO 


P3 0 -P3 6 


I/O port P3 


I/O 


Port P3 is a 7-bit I/O port and has basically the same functions as port PO, but the output structure of P3 0 , 
P3i is CMOS output and the output structure of P32-P36 is N-channel open drain 

P32, P33 are in common with external clock input pins of timer 2 and 3 P34, P36 are in common with exter- 
nal interrupt input pins IN^ and INT2 P3 5 , P3 6 are in common with analog input pins of A-D converter 
(A-D1.A-D2) 


P4 0 -P4 7 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port and has basically the same functions as port PO, but the output structure is 
N-channel open drain 

When serial 1/01 is used,P4 0 , P4l P4 2 and P4 3 work as Souti. S C lki. S| N1 and Srdyi pins, respectively 
When serial 1/02 is used, P4 4 , P4 5 , P4 6 and P4 7 work as Sout2. S C lk2, S iN 2 and Srdy2 P'ns, respectively 
Also P4 6 , P4 7 are in common with PWM output pins of PWM 8 and 9 


P6 0 -P6 7 


I/O port P6 


I/O 


Port P6 is an 8-bit I/O port and has basically the same functions as port PO, but the output structure is 
N-channel open drain. This port is in common with PWM output pins PWM0-PWM7 


OSC1, 
OSC2 


Clock input for CRT 
display 

Clock output for CRT 
display 


Input 
Output 


This is the I/O pins of the clock generating circuit for the CRT display function. 


Hsync 


Hsync input 


Input 


This is the horizontal synchronizing signal input for CRT display 


VsYNC 


Vsync input 


Input 


This is the vertical synchronizing signal input for CRT display 


R, G, B, 
I, OUT 


CRT output 


Output 


This is a 5-bit output pin for CRT display The output structure is CMOS output This is in common with port 
P5 2 -P5 6 . 


D-A 


DA Output 


Output 


This is an output pin for 14-bit PWM 
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FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 

The M37102 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 



CPU Mode Register 

The CPU mode register is allocated to address 00FB 16 . Bits 
0 and 1 of this register are processor mode bits. This regis- 
ter also has a stack page selection bit. 



CPU mode register (address 00FB 16 ) 



Processor mode bits 
0 0 : Single-chip mode 

0 1 : Memory expansion mode 

1 0 '. Microprocessor mode 
1 1 .' Invalidity 



1 Stack page selection bit 

0 : 0 page 

1 : 1 page 

System clock output selection bit (Note 1) 

0 : Stop (reset-out output) 

1 : System clock output 

Note 1 ". This bit is available at single-chip mode And it output the system clock at the other mode 
Fig. 1 Structure of CPU mode register 
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MEMORY 

• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 

• RAM 

RAM is used for data storage as well as a stack area. 

• ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 

• RAM for display 

RAM for display is used for specifing the character codes 
and colors to display. 



• ROM for display 

ROM for display is used for storing character data. 

• Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 

• Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

• Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 



RAM 
(192 bytes) 
for- 

M37201 M6 



ROM 
(24576 bytes) 
for 

M37201M6 



RAM 

(192 bytes) 



RAM 
(128 bytes) 
for 

M37102M8 



RAM for display 
(216 bytes) 

ROM for display 
(4096 bytes) 



ROM 
(16384 bytes) 
for 

M37102M8 



0000 16 
00BF 16 

00FF 16 

017F 16 
01BF 16 

2000! 6 
20D7 16 



3000 1( 
3FFF„ 



A000 1f 
C000 ie 



FF00 1( 



FFDE 1( 



SFR area 



Not used 



Not used 



Not used 



Interrupt vector area 



Zero page 



Special 
page 
for 
subroutine 
call 



Fig. 2 Memory map 
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00C0-I6 


Port PO 


00E0 16 


Horizontal position register 


00C1 16 


Port PO directional register 


00E1 16 


Vertical display start position register 1 


00C2 16 


Port P1 


00E2 16 


Vertical display start position register 2 


00C3 16 


Port P1 directional register 


00E3 16 


Vertical display start position register 3 


00C4 16 


Port P2 


00E4 16 


Character size register 


00C5 16 


Port P2 directional register 


00E5 16 


Border selection register 


OOC616 


Port P3 


00E6 16 


Color register 0 


00C7 16 


Port P3 directional register 


00E7 16 


Color register 1 


00C8 16 


Port P4 


OOE816 


Color register 2 


00C9 16 


Port P4 directional register 


00E9 16 


Color register 3 


00CA 16 


Port P5 


00EA 16 


CRT control register 


OOCB16 


Port P5 directional register 


OOEB 16 


Display block counter 


00CC 16 


Port P6 


OOEC 16 


CRT port control register 


OOCD16 


Port P6 directional register 


00ED 16 


Scroll control register 


00CE 16 


DA-H register 


00EE 16 


Scroll start register 


00CF 16 


DA-L register 


00EF 16 


A-D control register 


00D0 16 


PWM 0 register 


00F0 16 


Timer 1 


00D1 16 


PWM 1 register 


00F1 16 


Timer 2 


00D2 16 


PWM 2 register 


00F2 16 


Timer 3 


00D3 16 


PWM 3 register 


00F3 16 


Timer 4 


00D4 16 


PWM 4 register 


00F4 16 


Timer 12 mode register 


00D5 16 


PWM output control register 1 


00F5 16 


Timer 34 mode register 


00D6 16 


PWM output control register 2 


00F6 16 


PWM 5 


00D7 16 


Interrupt space distinguish register 


00F7 16 


PWM 6 


00D8 16 


Interrupt space distinguish control register 


00F8 16 


PWM 7 


00D9 16 


Special serial I/O register 


00F9 16 


PWM 8 


00DA 16 


Special mode register 1 


00FA 16 


PWM 9 


00DB 16 


Special mode register 2 


00FB 16 


CPU mode register 


00DC 16 


Serial 1/01 mode register 


00FC 16 


Interrupt request register 1 


00DD 16 


Serial 1/01 register 


00FD 16 


Interrupt request register 2 


00DE 16 


Serial I/02 mode register 


OOFE 16 


Interrupt control register 1 


00DF 16 


Serial I/02 register 


00FF 16 


Interrupt control register 2 



Fig. 3 SFR (Special Function Register) memory map 
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INTERRUPTS 

Interrupts can be caused by 12 different events consisting 
of three external, eight internal, and one software events. 
Interrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op- 
eration is similar to an interrupt. 

When an interrupt is accepted, the registers are pushed, 
interrupt disable flag I is set, and the program jumps to the 
address specified in the vector table. The interrupt request 
bit is cleared automatically. The reset and BRK instruction 
interrupt can never be disabled. Other interrupts are dis- 
abled when the interrupt disable flag is set. 



All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter- 
rupt request bits are in interrupt request registers 1 and 2 
and the interrupt enable bits are in interrupt control regis- 
ters 1 and 2. Figure 4 shows the structure of the interrupt 
request registers 1 and 2 and interrupt control registers 1 
and 2. 

Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is "1", interrupt 
request bit is "1", and the interrupt disable flag is "0". The 
interrupt request bit can be reset with a program, but not 
set. The interrupt enable bit can be set and reset with a 
program. 

Reset is treated as a non-maskable interrupt with the high- 
est priority. Figure 5 shows interrupts control. 



Table 1. Interrupt vector address and priority. 



Event 


Priority 


Vector addresses 


Remarks 


RESET 


1 


FFFF 16 , FFFE 16 


Non-maskable 


CRT interrupt 


2 


, FFFD 16 , FFFC 16 




INT 2 interrupt 


3 


FFFB 16 , FFFA 16 




I NTt interrupt 


4 


FFF9 16 , FFF8 16 




Serial I/O 2 interrupt 


5 


FFF7 16 , FFF6 16 




Timer 4 interrupt 


6 


FFF5 16 , FFF4 16 




1 ms interrupt 


7 


FFF3 16 , FFF2 16 




Vsync interrupt 


8 


FFF1 16 , FFF0 16 




Timer 3 interrupt 


9 


FFEF 16 , FFEE 16 




Timer 2 interrupt 


10 


FFED 16 , FFEC 16 




Timer 1 interrupt 


11 


FFEB 16 , FFEA 16 




Serial I/O 1 interrupt 


12 


FFE9 16 , FFE8 16 




BRK instruction interrupt 


13 


FFDF 16 , FFDE 16 


Non-maskable software interrupt 
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n 



0 7 
Interrupt request register 1 [ 
(address 00FC 16 ) 

1 — Timer 1 interrupt request bit 
Timer 2 interrupt request bit 
Timer 3 interrupt request bit 
Timer 4 interrupt request bit 
CRT interrupt request bit 
Vsync interrupt request bit 



rn 



III"] Interrupt control register 1 
(address 00FE 16 ) 



- Timer 1 interrupt enable bit 

- Timer 2 interrupt enable bit 

- Timer 3 interrupt enable bit 

- Timer 4 interrupt enable bit 

- CRT interrupt enable bit 

- Vsync interrupt enable bit 



IT 



I Interrupt request register 2 
(address 00FD 16 ) 

- INTt interrupt request bit 

- INT 2 interrupt request bit 

- Serial 1/01 interrupt request bit 

- Serial I/02 interrupt request bit 
-1ms interrupt request bit 

- Test bit This bit must be set to "0". 



0 : Interrupt disable 

1 : Interrupt requested 

7 0 
| | | | | | | | | Interrupt control register 2 
I (address 00FF 16 ) 

' — INTi interrupt enable bit 

— INT 2 interrupt enable bit 

— Serial 1/01 interrupt enable bit 
Serial I/02 interrupt enable bit 

— 1ms interrupt enable bit 



0 : Interrupt disable 

1 ' Interrupt enabled 



Fig. 4 Structure of registers related to interrupt 



Interrupt request bit - 
Interrupt enable bit- 



Interrupt disable flag I 



BRK instruction 
reset 




- Interrupt request 



Fig. 5 Interrupt control 
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TIMER 

The M37102M8-XXXSP has four timers; timer 1, timer 2, 
timer 3 and timer 4. 

A block diagram of timer 1 through 4 is shown in Figure 7. 
The count source for timer 1 through 4 can be selected by 
using bit 0, 1, 4 of timer 12 mode register and timer 34 
mode register (address 00F4 16 , 00F5 16 ) , as shown in Fi- 
gure 6. 

All of the timers are down count timers and have 8-bit 
latches. When a timer reaches "FF 16 " and the next count 
pulse is input to a timer, a value which is subtracted 1 from 
the contents of the reload latch are loaded into the timer. 
The division ratio of the timer is 1/(n + l), where n is the 
contents of timer latch. The timer interrupt request bit is set 
at the next count pulse after the timer reaches "FF 16 ". 
The starting and stopping of the timer is controlled by bit 2, 
3 of timer 12 mode register and timer 34 mode register. 
At a reset or stop mode, FF 16 is automatically set in timer 3 
and 07 16 in timer 4 and timer 4, timer 3 and the clock 
(f(X !N ) divided by 16) are connected in series. 
When restarting oscillation or canceling a reset, the internal 
clock is not supplied to the CPU until timer 4 overflows. 



~] Timer 12 mode register (address 00F4 16 ) 



Timer 1 count source selection bit 

0 : f(X, N ) divided by 16 

1 : 1024^s clock 

Timer 2 count source selection bit 

0 '. Internal clock 

1 I External clock from TIM2 pin 

Timer 1 count stop bit 

0 : Count start 

1 : Count stop 

Timer 2 count stop bit 

0 : Count start 

1 '. Count stop 

Timer 2 internal count source 
selection bit 

0 : f(X IN ) divided by 16 

1 '. Timer 1 overflow 



~] Timer 34 mode register (address 00F5 16 ) 



Timer 3 count source selection bit 

0 : f(X IN ) divided by 16 

1 : External clock from TIM3 pin 

Timer 4 internal count source 
selection bit 

0 : Timer 3 overflow 

1 : f(X IN ) divided by'16 

Timer 3 count stop bit 

0 : Count start 

1 : Count stop 

Timer 4 count stop bit 

0 : Count start 

1 : Count stop 

Timer 4 count source selection bit 

0 : Internal clock 

1 : f(X, N ) divided by 2 



Fig. 6 Structure of timer 12 mode register and 
timer 34 mode register 
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1024.US clock 

o — 



x, N O 



P3 2 /TIM2 O >|^-D F 



P3 3 /TIM3 O F 





1/2 






1/8 

















T12M 0 ^ 



T12M 4 



T12MT f 



T12M 3 



T34M 2 



T34M! 



Selection gate : Connected to black 
colored side at reset 



Timer 1 latch (8) 



V 



Timer 1 (8) 



Timer 2 latch (8) 



Timer 2 (8) 



FF 16 



Timer 3 latch (8) 



Timer 3 (8) 



V 1 07k 



Timer 4 latch (8) 



Timer 4 (8) 



Note : Pulse width of external clock input TIM2, TIM3 need more than 4 machine cycles 



Data bus 



Timer 1 

interrupt request 



Timer 2 

interrupt request 



Reset 

STP instruction 



Timer 3 

interrupt request 



Timer 4 

interrupt request 



Fig. 7 Block diagram of timer 1, timer 2, timer 3 and timer 4 
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SERIAL I/O 

M37.102M8-XXXSP has two serial I/O (serial I/O 1, serial 
I/O 2). Serial I/O 1 has the same function as serial I/O 2. 
A block diagram of the serial I/O is shown in Figure 8. 
In the serial I/O mode the receive ready signal (Sr DY /), 
synchronous input/output clock (Sclkj), and the serial I/O 
pins (S 0 uW. S| N f) are used as port P4. The serial \/0{ mode 
registers (address 00DC 16 , 00DE 16 ) are 8-bit registers. Bits 
0, 1 and 2 of these registers are used to select a synchro- 
nous clock source. 

Bit 3 and 4 decide whether parts of P4 will be used as a 
serial I/O or not. 



To use P4 2 or P4 6 as a serial input, set the directional reg- 
ister bit which corresponds to P4 2 or P4 6 to "0". For" more 
information on the directional register, refer to the I/O pin 
section. 

Also to use internal clock of serial I/O 2, bit 1 of special 
mode register 1 (address 00DA 16 ) needs to be set to "1". 
The serial I/O function is discussed below. The function of 
the serial I/O differs depending on the clock source; exter- 
nal clock or internal clock. 



x IN O- 



P4 3 /S RD Y1 O- 



PVScLKI O 



P4 0 /Souti O 



P4 2 /S IN1 O 



P4 7 /S RD y2 O 



P4 5 /S C LK2 O 



P4 4 /S 0 UT2 O- 



P4 6 /S IN2 O- 





1/2 




1/2 











P4 3 latch 



SI01M 4 



P4i latch 



x 



SI01M 3 
P4 0 latch 



4. 



SIOIM3 



Counter 1 



Sync, 
circuit 



SIOIM2 



T 



/1 6 

SIOIMt 
SIOIMo 



Serial I/O counter 1 (8) 



SI01M 5 : LSB*-MSB 



Serial I/O shift register 1 (8) 



P4 7 latch PWM8 



Counter 2 



I1/4 11/8 11 



SIO2M4 SB 4 



Sync. 



P4 5 latch SCL 



SIO2M3 SB 2 
P4 4 latch SDA 



SI02M 2 



T 



1/16 
SI02M 1 
SIO2M 0 



Serial I/O counter 2 (8) 



SI02M 5 : LSB~MSB 



SI02M 3 SB 2 



SB 3 

T 



PWM9 



Serial I/O shift register 2 (8) 




P4 6 latch 



Serial 1/01 
interrupt request 



Serial I/02 
interrupt request 



Fig. 8 Block diagram of serial I/O 
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Internal clock— The 

Srdyz signal becomes "H" during trans- 
mission or while dummy data is stored in the serial I/O* 
register (address 00DD 16) 00DF 16 ). After the falling edge of 
the write signal, the S RDY f signal becomes low signaling 
that the M37102M8-XXXSP is ready to receive the external 
serial data. The S RDY z signal goes "H" at the next falling 
edge of the transfer clock. The serial \/O z counter is set to 
7 when data is stored in the serial I/O; register. At each 
falling edge of the transfer clock, serial data is output to 
Scam- During the rising edge of this clock, data can be in- 
put from S !N ; and the data in the serial \/O t register will be 
shifted 1 bit. 

Transfer direction can be selected by bit 5 of serial I/O; 
mode register. After the transfer clock has counted 8 times, 
the serial I/O; register will be empty and the transfer clock 
will remain at a high level. At this time the interrupt request 



bit will be set. 

External clock- If an external clock is used, the interrupt re- 
quest will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 
Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
500kHz at a duty cycle of 50% . The timing diagram is 
shown in Figure 9. When using an external clock for trans- 
fer, the external clock must be held at "H" level when the 
serial I/O; counter is initialized. When switching between 
the internal clock and external clock, the switching must not 
be performed during transfer. Also, the serial I/O counter 
must be initialized after switching. 

An example of communication between two M37102M8- 
XXXSPs is shown in Figure 10. 



s^c coo. "TJlJ~IJnj _ U~LJTJlJTJTJl^ 

LJij~un_j\riJi_rU 



Transfer clock 



Serial \/O t register 
write signal 

Serial I/O output 

SoUTZ 

Serial I/O input 

Receivable signal 

Srdyz 



Jl 



"*Y y Y^Y V Y Y Y~ 
A A A A A AAA. 



t 



Interrupt request bit set 



Fig. 9 Serial I/O timing 



Transmission side 



Reception side 



Serial 1/01 mode register 



The direction register for pin S RD yi 
should be set to input mode 



Sync clock 



Serial data 



Serial 1/01 mode register 

Srdyi, 

Bit 4 Bit 0 



1 



ScLK1 



The direction register for pin S iN1 
should be to input mode 



S|N1 



Fig. 10 Example of serial I/O connection 
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Serial 1/01 mode register 
(address 0ODC 16 ) 



Serial I/02 mode register 
(address 00DE 16 ) 



Internal synchronous clock 
selection bit 

00 : f(X, N ) divided by 4 

01 : f(X, N ) divided by 16 

10 : f(X IN ) divided by 32 

11 : f(X IN ) divided by 64 

Sync clock selection bit 

0 " External clock 

1 : Internal clock 

Serial 1/01 port selection bit 

0 : Port P4 0 , P4t 

1 • SoUT1. S C LK1 

Srdyi signal output selection bit 

0 : Port P4 3 

1 • Srdyi 

Transfer direction selection bit 

0 : LSB 

1 : MSB 



Fig. 11 Structure of serial l/O z mode register 



Internal synchronous clock 
selection bit 

00 : f(X, N ) divided by 4 

01 : f(X, N ) divided by 16 

10 : f(X, N ) divided by 32 

11 : f(X, N ) divided by 64 
Sync, clock selection bit 

0 : External clock 

1 Internal clock 

Serial 1/02 port selection bit 

0 ". Port P4 4l P4 5 

1 '• Special mode (see Fig 15) 

Srdy2 signal output selection bit 
0 : Port P4 7 

1- : Special mode (see Fig 15) 

Transfer direction selection bit 

0 : LSB 

1 : MSB 
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SPECIAL MODE (l 2 C BUS MODE*) 

M37102M8-XXXSP has a special serial I/O circuit that can 
be reception or transmission of serial data in conformity 
with l 2 C (Inter IC) bus format. 

I 2 C bus is a two line directional serial bus developed by 
Philips to transfer and control data among internal ICS of a 
machinery. 

M37102M8-XXXSP's special serial I/O is not included the 
clock synchronisation function and the arbitration detect- 
able function at multimaster. 

Operations of master transmission and master reception 
with special serial I/O are explained in the following: 
(1 ) Master transmission 

To generate an interrupt at the end of transmission, set bit 
7 of special mode register 2 (address 00DB 16 ) to "1" so as 
to special mode serial I/O interrupt is selected. Then set 
bit 3 of interrupt control register 2 (address 00FF 16 ) to "1" 
so as to special mode serial I/O interrupt is enabled. Clear 
the interrupt disable flag I to "0" by using the CLI instruc- 
tion. 

The output signals of master transmission SDA and SCL are 
output from ports P4 4 and P4 5 . Set all bits (bits 4 and 5) 
corresponding to P4 4 and P4 5 of the port P4 register 
(address 00C8 16 ) and the port P4 direction register 
(address 0OC9 16 ) to "1". 

Set the transmission clock. The transmission clock uses the 
overflow signal of timer 4. Set appropriate value in timer 4. 
(For instance, if f(X, N )/16 is selected as the clock source 
of timer 4 and 4 is set in timer 4 when f(X iN ) is 4MHz, the 
master transmission clock frequency is 25kHz.) 
Set contents of the special mode register 2 (address 
00DB 16 ). (Usually, "83 16 ".) 

Set the bit 3 of serial I/02 mode register (address 00DE 16 ). 
After that set the special mode register 1 (address 
00DA 16 ). Figure 15 shows the structure of special mode 
registers 1 and 2. 

Initial setting is completed by the above procedure. 

Write data to be transmitted in the special serial I/O regis- 



ter (address 00D9 16 ) . Immediately after this, clear bits 0 
and 1 of special mode regiser 2 (to "0") to make both SDA 
and SCL output to "L". This is for arbitration. The start sig- 
nal has been completed. 

The hardware automatically sends out data of 9-clock cy- 
cle. The 9th clock is for ACK reception and the output level 
becomes "H" at this clock. If other master outputs the start 
signal to transmit data simultaneously with this 9th clock, it 
is not detected as an arbitration-lost. 
When the ACK bit has been transmitted, bit 3 of the inter- 
rupt request register 2 is set to "1" (issue of interrupt 
request), notifying the end of data transmission. 
To transmit data successively, write data to be sent to the 
special serial I/O register, and set the interrupt enabled 
state again. By repeating this procedure, unlimited number 
of bytes can be transmitted. 

To terminate data transfer, clear bits 0 and 1 of the special 
mode register to "0", set bit 1 clock SCL to "1", then set bit 
1 data SDA to "1". This procedure transmits the stop signal. 
Figure 13 shows master transmission timing explained 
above. 

(2) Master reception 

Master reception is carried out in the interrupt routine after 
data is transferred by master transmission. For master 
transmission and interrupt thereafter, see the preceding 
section (1 ) Master transmission. 

In the interrupt routine, set master reception ACK provided 
(26 16 ) in the special mode register 1 (address 00DA 16 ) , 
and write "FF 16 " in the special serial I/O register (address 
00D9 16 ). This sets data line SDA to "H" and to perform 8- 
clock master reception. Then, "L" is transmitted to data line 
SDA for ACK receiving. In the ACK provided mode, the 
above ACK is automatically sent out. 
Repeat the above receiving operation for a necessary num- 
ber of times. Then return to the master transmission mode 
and transmit the stop signal by the same procedure for the 
master transmission. 

Figure 14 shows master reception timing. 



P4 5 /SCL O 1 



Sync circuit 



Control 






Counter 


circuit 





- Interrupt request 



Sl/O counter 2 



P4 4 /SDA O - 



Shift register 



Control 
circuit 



Sl/O shift register 2 



Fig. 12 Block diagram of special serial I/O 

* : Purchase of Mitsubishi Electric Corporation's l 2 C components converys a license under the Philips l 2 C Patent Rights to use these 
components in an l 2 C system, provided that the system conforms to the l 2 C Standard Specification as defined by Philips. 
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P4 4 /SDA 



P4 5 /SCL 



_iuijmjirLrLJiJi_ 



Jiruir 



P4 4 /SDA 



P4 5 /SCL 



,00000000^ 

_runjxfiRJiri_n_rL 



Fig. 13 Master transmission timing 



Reception data 



P4 4 /SDA 
P4 5 /SCL~" 



'n_JEXEXEX^XEXEX3©^ L.i..l..i..i..i..l..]__fc^r~ 
UTTLTLJiruarLJ^^ 



P4 4 /SDA 



P4 5 /SCL 



"i ! i i i i i i i r 

I 1 L__.L__.L__J 1. .J I I 

jiJwijijxruirL 



Fig. 14 Master reception timing 



Special mode register 1 
(address 00DA 16 ) 



Transmission and reception mode 
selection bit 

0 ' Reception mode 

1 '. Transmission mode 

Synchronous clock selection bit 

0 : External clock 

1 '. Timer 4 overflow 

P4 4 , P4 5 special mode selection bit 

0 ' S 0 ut2. S C lk2 signal output 

1 : SDA, SCL signal output 

P4 6 special mode selection bit 

0 : P4 6 output 

1 : PWM9 output 

P4 7 special mode selection bit 

0 • S RDY 2 signal output 

1 : PWM8 output 

ACK operation selection bit 

0 : ACK is not sent or received 

1 ACK is sent and received. 

Start signal detect bit 

0 : Start signal is not detected 

1 : Start signal was detected 

Stop signal detect bit 

0 : Stop signal is not detected 

1 Stop signal was detected 



Special mode register 2 
(address OODB 16 ) 



Data line control bit 

0 : SDA outputs "L" 

1 I SDA outputs "H" 

Clock line control bit 

0 : SCL outputs "L" 

1 : SCL outputs "H" 

ACK recognition bit 

0 ' ACK was received 

1 '. ACK is not received 

Wait function 1 enable bit 

0 '. Wait function 1 is disabled 

1 : Wait function 1 is enabled 

Wait function 2 enable bit 

0 : Wait function 2 is disabled 

1 ' Wait function 2 is enabled 

Wait function 1 acceptance display bit 

0 '. Wait function 1 is not accepting 

1 : Wait function 1 is accepting 

Wait function 2 acceptance display bit 

0 : Wait function 2 is not accepting 

1 Wait function 2 is accepting 

Interrupt selection bit 

0 : Serial 1/02 interrupt 

1 : Special serial I/O interrupt 



Fig. 15 Structure of special mode registers 1 and 2 
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PWM OUTPUT CIRCUIT 

(1) Introduction 

The M37102M8-XXXSP is equipped with one 14-bit 
PWM (DA) and ten 8-bit PWMs (PWM0-PWM9). The 
14-bit resolution gives DA the minimum resolution bit 
width of 500ns (for X, N =4MHz) and a repeat period of 
8192//S. PWM0-PWM9 have a 8-bit resolution with 
minimum resolution bit width of Qjus and repeat period 
of 2048// s. 

Block diagram of the PWM is shown in Figure 16. 
The PWM timing generator section applies individual 
control signals to DA and PWM0-9 using clock input 
X )N divided by 2 as a referece signal. 

(2) Data setting 

The output pins PWM0-7 are in common with port P6 
and PWM8, 9 are in common with port P4 6 , P4 7 . 
For PWM output, each PWM output selection bit (bit 1 
to 7 of PWM output control register 1 , bit 0, 1 of PWM 
output control register 2, bit 3, 4 of special mode regis- 
ter 1 and bit 4 of serial I/O 2 mode register) should be 
set. When DA is used for output, first set the higher 8- 
bit of the DA-H register (address 00CE 16 ) , then the 
lower 6-bit of the DA-L register (address 00CF 16 ). 
When one of the PWM0-9 is used for output, set the 8- 
bit in the PWMO-9 register (address 00D0 16 to 00D4 16 , 
00F6 16 to 00FA 16 ), respectively. 

(3) Transferring data from registers to latches 

The data written to the PWM registers is transferred to 
the PWM latches at the repetition of the PWM period. 
The signals output to the PWM pins correspond to the 
contents of these latches. When data in each PWM 
register is read, data in these latches has already been 
read allowing the data output by the PWM to be con- 
firmed. However, bit 7 of the DA-L register indicated 
the completion of the data transfer from the DA register 
to the DA latch. If bit 7 is "0", the transfer has been 
completed, if bit 7 is "1", the transfer has not yet 
begun. 

(4) Operation of the 8-bit PWMs 

The timing diagram of the ten 8-bit PWMs (PWM0-9) 
is. shown in Figure 17. One period (T) is composed of 
256 ( 2 8 ) segments. 



There are eight different pulse types configured from 
bits 0 to 7 representing the significance of each bit. 
These are output within one period in the circuit inter- 
nal section. Refer to Figure 17 (a). 
Eight different pulses can be output from the PWM. 
These can be selected by bits 0 through 7. Depending 
on the content of the 8-bit PWM latch, pulses from 7 to 
0 is selected. The PWM output is the difference of the 
sum of each of these pulses. Several examples are 
shown in Figure 17 (b). Changes in the contents of the 
PWM latch allows the selection of 256 lengths of high- 
level area outputs varying from 0/256 to 255/256. An 
length of entirely high-level output cannot be output, 
i.e. 256/256. 

(5) 14-bit PWM operation 

The output example of the 14-bit PWM is shown in Fi- 
gure 18. The 14-bit PWM divides the data within the 
PWM latch into the lower 6 bits and higher 8 bits. 
A high-level area within a length D H times t is output 
every short area of t=256 t=128,us as determined by 
data Dh of the higher 8 bits. 

Thus, the time for the high-level area is equal to the 
time set by the lower 8 bits or that plus t. Asa result, 
the short-area period t ( = 128/^s, approx. 7.8kHz) be- 
comes an approximately repetitive period. 

(6) Output after reset 

At reset the output of port P4, P6 is in the high impe- 
dance state and the contents of the PWM register and 
latch are undefined. Note that after setting the PWM 
register, its data is transferred to the latch. 



Table 2. Relation between the 6 low-order bits 

of data and high-level area increase space 



6 low-order bits of data 


Area longer by * than that of other t m (m = 0 to 63) 


oooo o L 6 B 


Nothing 


0 0 0 0 0 1 


m=32 


0 0 0 0 1 0 


m=16, 48 


0 0 0 1 0 0 


m=8,24, 40, 56 


0 '0 1 0 0 0 


m= 4,12, 20,28, 36, 44, 52, 60 


0 1 0 0 0 0 


m = 2 , 6 , 1 0, 1 4, 1 8, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62 


1 0 0 0 0 0 


m= 1 , 3, 5, 7, 57,59,61,63 
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iDA-L register ^ 
(addr ess 0OCF 16 )] 



DA-H register 
(address 00CE 16 



DA latch (14-bit) 

M I I I I I I I I I 



PN 2 PN 4 



14-bit PWM circuit 



Timing 
generator 
for PWM' 



PWMO register 
(address 00D0 16 ) 



m lit ~ra 



PWMO latch 

HTT 



8-bit PWM circuit 



pw 2 ^ 
pw 3 

pft D6 2 (-OPWM2 

PW 4 ^ 

P6 063 J~° PWM3 

>\A/_ rtr 

j-O PWM4 



PW. *r 

j-O PWM6 



PW 7 
P6 6 



D6 6 



H P6, D6, rO»WM7 




Inside of [""': is as same contents with the others 



Selection gate connected to black 
colored side when 
reset. 

Pass gate 



PM : PWM output control register 1 

PN ' PWM output control register 2 

D4 : Port P4 directional register 

P4 : Port P4 register 

D6 '• Port P6 directional register 

P6 : Port P6 register 

SB ' Special mode register 1 

SI02M : Serial I/O 2 mode register 



Fig. 16 Block diagram of the PWM circuit 
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Bit 7 
Bit 6 
Bit 5 
Bit 4 
Bit 3 
Bit 2 
Bit 1 
BitO 



Contents 
of the latch 

When00 16 (0) 

When 01 16 (1) 



4 12 20 28 36 44 52 60 68 76 84 92 100 108 116 124 132 140 148 156 164 172 180 188 196 204 212 220 228 236 244 252 

JLJLJLJLJ_JLJl^^ 



3 57 9 

1UUUU 

2 6 10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 70 74 71 



100 110 120 130 140 150 160 170 180 190 200 210 

ruuuuuuuirmnniinnnfiM 

6 90 94 98 1 02 1 06 1 1 01 1 4 11 8 1 221 261 30 1 34 1 381 42 1 46 1 50 1 54 1 58 1 62 1 66 1 70 1 74 1 781 82 1 g6 1 90 1 94 1 98 202 206210 2J.4 21 8 222 226 230 234238^42246 2§0 254 



24 40 56 72 88 

j n n fi l 



104 120 



120 136 142 168 

ji n n l 



J L 



When 18 16 (24) 
When FF 16 (255) 



(a) Pulses showing the Weight of each bit 



XJLJ fLJLJl fLJLJl fl fl L 



T=256t 



When output is PWMO to 9 t=8//s T=2048//s 
When f(X, N )=4MHz 

(b) Example of 8-bit PWM output 



232 248 

JL 



J fl fl L 



Fig. 17 8-bit PWM timing diagram 
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^et "2C 16 " to DA-H registe^ 



(DA-H register) jTyp"" | 0 



bit 7 



^et "28 16 " to 



DA-L register 



Latch transfer complete bit 



Transfer complete 



Transfer is not completed 

( Automatically set at writing) 



0 0 



(DA-L register) 



bit 0 

Next period 
after writing 



bit 13 



[DA latch) 



0 0 



r 



bit 7 

Next period 
after writing 



bitO 



1 1 



bitO 



These bits decide "H" level area 
of fundamental waveform 

("H" level area of \_ / Minimum bit 
fundamental waveform / \ durations 0. 5/us 



)«( 



The higher 8 bits \ 
value of DA latch / 



These bits decide smaller intervals tm in which "H" level area 
is C"H" level area of fundamental waveform plus r) 



Fundamental 
wareform , 



14-bit 
PWM 
output 



8-bit 
counter 



0. 5//sX44 



r 



— T — T— T 1 1 | 1 1 1 1 1 

FF |FElFD» ~ iD5iD4iD3iD2i ~ i 02 • 01 » 00 
i i I i i i i 1 i i i 



Waveform of smaller intervals tm specified by the lower 6 bits 



14-bit 
PWM 
output 



0. 5/^X44 



r=0. 5 



8_b ' t ff!fe!fd! ~ iD5 , iD4iD3!d2 , i ~ ! 02 ! 01 !oo 

counter !■■■■■■■■■»■ 



The fundamental waveform of smaller intervals 
tm which is not specified by the lower 6 bits is 
not changed 



0. 5a«X44 



14-bit PWM output jj J^J jj |^ 



r=0. 5/js 



t 0 t 



DA latch I 
the lower 6 bits output i 




T=8192,us 



Fig. 18 14-bit PWM output example (f (X IN ) =4MHz) 
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PWM output control register 1 
(address 00D5 16 ) 
DA, PWM count source selection bit 

0 : Count source supply 

1 I Count source stop 

- DA/PN 4 output selection bit 

0 : DA output 

1 : PN 4 output 

- P6 0 /PWM0 output selection bit 

0 : P6 0 output 

1 : PWMO output 

- PGi/PWMI output selection bit 

0 : P6! output 

1 : PWM1 output 

- P6 2 /PWM2 output selection bit 

0 : P6 2 output 

1 : PWM 2 output 

- P6 3 /PWM3 output selection bit 

0 : P6 3 output 

1 : PWM3 output 

- P6 4 /PWM4 output selection bit 

0 : P6 4 output 

1 : PWM 4 output 

- P6 5 /PWM5 output selection bit 

0 : P6 5 output 

1 : PWM 5 output 



I 



T| PWM output control register 2 
(address 00D6 16 ) 



P6 6 /PWM6 output selection bit 

0 : P6 6 output 

1 : PWM 6 output 

■ P6 7 /PWM7 output selection bit 

0 : P6 7 output 

1 : PWM7 output 

- DA output polarity selection bit 

0 : Positive polarity 

1 : Negative polarity 

- PWM output polarity selection bit 

0 : Positive polarity 

1 : Negative polarity 

• DA wide use output register 

0 : "0" output 

1 : "1" output 



Fig. 19 Structure of PWM output control register 1 and 2 
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A-D CONVERTER 

Block diagram of A-D converter is shown in Figure 21. A-D 
converter consists of 4-bit D-A converter and comparator. 
The A-D control register can generate 1/16 V cc -step inter- 
nal analog voltage based on the settings of bits 0 to 3. 
Table 3 gives the relation between the descriptions of A-D 
control register bits 0 to 3 and the generated internal ana- 
log voltage. The comparison result of the analog input vol- 
tage and the internal analog voltage is stored in the A-D 
control register, bit 4. 

The data is compared by setting the directional register 
corresponding to port P3 5 , P3 6 to "0" (port P3 5) P3 6 enters 
the input mode), to allow port P3 5 /A-D1, P3 6 /A-D2 to be 
used as the analog input pin. The digital value correspond- 
ing to the internal analog voltage to be compared is then 
written in the A-D control register, bit 0 to 3 and an analog 
input pin is selected. After 16 machine cycle, the voltage 
comparison starts. 



A-D control register 
(address 00EF 16 ) 

- Internal analog voltage 
set bit (See table 3) 

- Comparison result 

0 : Input voltage < 

Internal voltage 

1 I Input voltage > 

Internal voltage 
■ A-D input pin selection bit 

0 : P3 5 /A-D1 pin 

1 : P3 6 /INT 2 /A-D2 pin 



Fig. 20 Structure of A-D control register 

Table 3. Relationship between the contents of A-D 
control register and internal analog voltage 



A-D control register 


Internal analog voltage 


Bit 3 


Bit 2 


Bit 1 


BitO 


0 


0 


0 


0 


1/32 Vcc 


0 


0 


, 0 


1 


3/32 V cc 


0 


0 


1 


0 


5/32 Vcc 


0 


0 


1 


1 


7/32 Vcc 


0 


1 


0 


0 


9/32 V cc 


0 


1 


0 


1 


11/32 V cc 


0 


1 


1 


0 


13/32 Vcc 


0 


1 


1 


1 


15/32 Vcc 




0 


0 


0 


17/32 V cc 




0 


0 


1 


19/32 Vcc 




0 


1 


0 


21/32 Vcc 




0 


1 


1 


23/32 Vcc 




1 


0 


0 


25/32 V cc 




1 


0 


1 


27/32 Vcc 




1 


1 


0 


29/32 Vcc 




1 


1 


1 


31/32 V cc 



Data bus 



A-D control register 



Bit 5 



P3 5 
P3 6 - 



Comparator control 



Analog 
signal 
switch 




A-D control 
V register 



Bit 4 


Bit 3 


Bit 2 


Bit 1 


BitO 



Switch tree 



Ladder resistor 



Fig. 21 Block diagram of A-D converter 
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CRT DISPLAY FUNCTIONS 

(1) Outline of CRT Display Functions 

Table 4 outlines the CRT display functions of the 
M37102M8-XXXSP. The M37102M8-XXXSP incorporates a 
24 columns X 3 lines CRT display control circuit. CRT dis- 
play is controlled by the CRT display control register. 
Up to 126 kinds of characters can be displayed, and colors 
can be specified for each character. Four colors can be 
displayed on one screen. A combination of up to 15 colors 
can be obtained by using each output signal (R, G, B, and 
I). 

Characters are displayed in a 12X16 dot configuration to 
obtain smooth character patterns. (See Figure 22) 
The following shows the procedure how to display charac- 
ters on the CRT screen. 

Table 4. Outline of CRT display functions 



Parameter 


Functions 


Number of display 
character 


24 charactersX3 lines 


Character 
configuration 


12X16 dots (See Figure 22) 


Kinds of character 


126 


Character size 


4 size selectable 


Color 


Kinds of color 


15 (max.) 


Coloring unit 


a character 


Display expansion 


Possible (multiple lines) 




16 dots 



© Set the character to be displayed in display RAM. 

© Set the display color by using the color register. 

(D Specify the color register in which the display color is 
set by using the display RAM. 

® Specify the vertical position and character size by us- 
ing the vertical position register and the character size 
register. 

(5) Specify the horizontal position by using the horizontal 

position register. 
© Write the display enable bit to the designated block 

display flag of the CRT control register. When this is 

done, the CRT starts operation according to the input 

of the 

Vsync signal. 

The CRT display circuit has an extended display mode. 
This mode allows multiple lines (more than 4 lines) to be 
displayed on the screen by interrupting the display each 
time one line is displayed and rewriting data in the block 
for which display is terminated by software. 
Figure 24 shows a block diagram of the CRT display control 
circuit. Figure 23 shows the structure. of the CRT display 
control register. 



Fig. 22 CRT display character configuration 



I 



CRT control register 
(Address 00EA 16 ) 

Display of all blocks control bit (Note 1 ) 

0 ' Display of all blocks off 

1 Display of all blocks on 

- Display of block 1 control bit 

0 .' Display of block 1 off 

1 ' Display of block 1 on 

- Display of block 2 control bit 

0 : Display of block 2 off 

1 .' Display of block 2 on 

- Display of block 3 control bit 

0 : Display of block 3 off 

1 Display of block 3 on 

- Block 1 color select mode switch bit 

0 Normal mode 

1 Half character width color 
select mode 

- Clock for display stop bit 

0 : Stop 

1 ' Oscillation enable 

- Scanning line double count mode bit 

0 : Normal mode (256 lines) 

1 Double count mode 

-Test bit : This bit must be set to "0" 



Note 1 : Display of all blocks control bit indicates the 
logical sum (AND) of each block display control 
bit 



Fig. 23 Structure of CRT control register 
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Data bus 



(Address 00EA 16 ) 



CRT control register 



(Address 00E1 16 to 00E3 16 ) 



Vertical position register 



(Address 00E4 16 ) 



Character size register 



(Address 00E0 16 ) 



Horizontal position register 



(Address 00E5 16 ) 



Border register 



RAM for display 
11-bit X24X1 
+ 9-bit X24X2 



(Address 00E6 1£ 
to 00E9 16 



Color register 



(Address 00EC 16 ) 



CRT port control register 



OSC1 OSC2 H SYNC Vsync 

Q Q Q 0 



Clock generating 
circuit 



Display position control circuit 



ROM for display 
12-bit X16X126 



Shift register 
12-bit 



Display control 
circuit 



Border RAM 



Shift register 
12-bit 



Output circuit 



AAA 



RGB I OUT 



Fig. 24 Block diagram of CRT display control circuit 
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(2) Display Position 

The display positions of characters are specified in units 
called a "block." There are three blocks, block 1 to block 3. 
Up to 24 characters can be displayed in one block. (See 
(4) Display Memory.) 

The display position of each block in both horizontal and 
vertical directions can be set by software. 
The horizontal direction is common to all blocks, and is 
selected from 64-step display positions in units of 4Tc (Tc 
= oscillation cycle for display). 

The display position in the vertical direction is selected 
from 128-step display positions for each block in units of 
four scanning lines. 

If the display start position of a block overlaps with some 
other block ((b) in Figure 27), a block of the smaller block 
No. (1 to 3) is displayed. 

If when one block is displaying, some other block is dis- 
played at the same display position ((c) in Figure 27), the 
former block is overridden and the latter is displayed. 
The vertical position can be specified from 128-step posi- 
tions (four scanning lines per step) for each block by set- 
ting values 00 16 to 7F 16 to bits 0 to 6 in the vertical position 
register (addresses 00E1 16 to 00E3 15 ). Figure 25 shows the 
structure of the vertical position register. 



7 Q 
I I I I I I Vertical position register 

I I I I I I I (Address 00E1 16 to 00E3 16 ) 



The vertical display start position 
128-step positions (00 16 to 7F 16 ) 



Fig. 25 Structure of vertical position registers 

The horizontal direction is common to all blocks, and can 
be specified from 64 -step display positions (4Tc per step 
(Tc= oscillation cycle for display) by setting values 00 16 to 
3F 16 to bits 0 to 5 in the horizontal position register 
(address 00E0 16 ) . Figure 26 shows the structure of the 
horizontal position register. 



1 0 
11 | J | | J Horizontal position register 

| I I I I I I (Address 00E0 16 ) 



The horizontal display start position 
64-step positions (00 16 to 3F 16 ) 

Test bit : This bit must be set to "0" 



Fig. 26 Structure of horizontal position register 
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(HR) 



CVi _l 



cv 2 ~ 



cv 3 - J 



Block 1 



Block 2 



Block 3 



(a) Example when each block is separated 



(HR) 



CV 3 



Block 1 



Block 3 



(b) Example when the display start position of a block overlaps with some other block 



(HR) 



CV,- 



cvy 



cv 3 



Block 1 (Block 2) 



Block 1' (Block 3) 



(c) Example when one block is displaying some other block is superimposed 



Fig. 27 Display position 
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(3) Character Size 

The size of characters to be displayed can be selected 
from four sizes for each block. Use the character size reg- 
ister (address 00E4 16 ) to set a character size. The charac- 
ter size in block 1 can be specified by using bits 0 and 1 in 
the character size register; the character size in block 2 
can be specified by using bits 2 and 3; the character size 
in block 3 can be specified by using bits 4 and 5. Figure 28 
shows the structure of the character size register. 
The character size can be selected from four sizes: small 
size, medium size, large size, and extra large size. Each 
character size is determined by the number of scanning 
lines in the height (vertical) direction and the cycle of dis- 
play oscillation (=Tc) in the width (horizontal) direction. 
The small size consists of [one scanning line) X (1 Tc) ; the 
medium size consists of [two scanning lines) X [2 Tc) ; the 
large size consists of [three scanning lines) X [3 Tc) ; and 
the extra large size consists of [four scanning lines) X [4 
Tc) . Table 5 shows the relationship between the set values 
in the character size register and the character sizes. 



rr 



J Character size register 
(Address 00E4 16 ) 

■ Block 1 character size selection bit 

00 : Small size 

01 •' Medium size 

1 0 : Large size 

1 1 : Extra large size 

■ Block 2 character size selection bit 

00 : Small size 

01 .* Medium size 

10 : Large size 

1 1 : Extra large size 

- Block 3 character size selection bit 

00 : Small size 

01 : Medium size 

10 .* Large size 

1 1 : Extra large size 



Fig. 28 Structure of character size register 



Table 5. The relationship between the set values of the character size register and the character sizes 



Set values of the character size register 


Character 


Width (horizontal) 


Height (vertical) 


CS n i 


CSno 


size 


direction 


direction 


0 


0 


Small 


1 T c 


1 


0 


1 


Medium 


2 T c 


2 


1 


0 


Large 


3 T c 


3 


1 


1 


Extra large 


4 T c 


4 



Note .' The display start position in the horizontal direction is not affected by the character size In other words, the horizontal start position is common to 
all blocks even when the character size varies with each block (See Figure 29) 
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(4) Display Memory 

There are two types of display memory: ROM of CRT dis- 
play {3000! 6 to 3FFF 16 ) used to store character dot data 
(masked) and display RAM (2000 16 to 20D7 16 ) used to 
specify the colors of characters to be displayed. The fol- 
lowing describes each type of display memory. 
© ROM for CRT display (3000 16 to 3FFF 16 ) 
The CRT display ROM contains dot pattern data for charac- 
ters to be displayed. For characters stored in this ROM to 
be actually displayed, it is necessary to specify them by 
writing the character code inherent to each character 
(code determined based on the addresses in the CRT dis- 
play ROM) into the CRT display RAM. 



Small 



Medium 



Large 



Extra large 



Display start position 



The CRT display ROM has a capacity of 4K bytes. Because 
32 bytes are required for one character data, the ROM can 
contain up to 128 kinds of characters. Actually, however, 
because two characters are required for test pattern use, 
the ROM can contain up to 126 kinds of characters for dis- 
play use. 

The CRT display ROM space is broadly divided into two 
areas. The [vertical 16 dots] X [horizontal (left side) 8 
dots] data of display characters are stored in addresses 
3000 16 to 37FF 16 ; the [vertical 16 dots] X [horizontal (right 
side) 4 dots] data of display characters are stored in 
addresses 3800 16 to 3FFF 16 . (See Figure 30) Note however 
that the four upper bits in the data to be written to addres- 
ses 3800 16 to 3FFF 16 must be set to "1" (by writing data 
F0 16 to FF 16 ). 

Table 6. Character code list 



Character code 


Contained up address of character data 


Left 8 dots lines 


Right 4 dots lines 


oo 16 


3000! 6 

to 
300F 16 


3800ie 

to 
380Fi 6 


01 16 


3010! 6 

to 

301 F, 6 


381 0i 6 

to 
381 F, 6 


02, 6 


3020 16 

to 
302 F, 6 


3820! 6 

to 
382F 16 


03 16 


3030! 6 

to 
303Fi 6 


3830ie 

to 
383 F! 6 


10 16 


3100i 6 

to 
310F 16 


3900i 6 

to 
390Fi 6 


1116 


3110i 6 

to 
311Fi 6 


3910! 6 

to 
391 F 16 


4F 16 


34F0 16 

to 
34FFi 6 


3CF0ie 

to 
3CFF 16 


50! 6 


3500i 6 

to 
350Fi 6 


3D00i 6 

to 
3D0Fi 6 


7D 16 


37D0ie 

to 
37DF 16 


3FD0i 6 

to 
3FDFi 6 


7E 16 * 


37E0 16 

to 
37EFi 6 


3FE0ie 

to 
3FEFi 6 


7F 16 * 


37F0ie 

to 
37FFi 6 


3FF0 16 

to 
3FFF 16 



* For test pattern 



Fig. 29 Display start position of each character size 
(horizontal direction) 
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The character code used to specify a character to be dis- 
played is determined based on the address in the CRT dis- 
play ROM in which that character is stored. 
Assume that data for one character is stored at 3XX0 16 to 
3XXF 16 (XX denotes 00 16 to 7F 16 ) and 3YY0 16 to 3YYF 16 
(YY denotes 80 16 to FF 16 ), then the character code for it is 
"XX 16 ". 



In other words, character code for any given character is 
configured with two middle digits of the four-digit (hex- 
notated) address (3000 16 to 37FF 16 ) where data for that 
character is stored. 
Table 6 lists the character codes. 




bit7 



bitO 



3XX0 16 



3XXF 16 



0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


1 


0 


0 


0 


0 


0 


0 


0 


1 


0 


0 


0 


0 


0 


0 


1 


0 


1 


0 


0 


0 


0 


0 


1 


0 


1 


0 


0 


0 


0 


1 


0 


0 


0 


1 


0 


0 


0 


1 


0 


0 


0 


r 


0 


0 


0 


1 


0 


0 


0 


} 


0 


0 


1 


0 


0 


0 


0 


0 


0 


0 


1 


1 


1 


1 


1 


1 


0 


0 


1 


0 


0 


0 


0 


0 


0 


1 


0 


0 


0 


0 


0 


0 


0 


1 


0 


0 


0 


0 


0 


0 


0 


1 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 



3XX0 16 +800 16 



3XXF 16 +800 16 







i 


■S 


0 


0 


0 


0 


K 








0 


0 


0 


0 






rr 




0 


0 


0 


0 






k 




0 


0 


0 


0 










0 


0 


0 


0 








% 


0 
0 


J?_ 

0 


0 
0 


0 
0 


4 


•,! 






0 


0 


0 


0 




1 






1 


0 


0 


0 










1 


0 


0 


0 




1 




* 


1 


0 


0 


0 


f 


4'- 


1 


* 


0 


1 


0 


0 


1: 


'% 


■'ft 




0 


1 


0 


0 


1 


i. 


T 




0 


1 


0 


0 


V 


x 


T 




0 


0 


0 


0 


\ 


i 






0 


0 


0 


0 



Fig. 30 Display character stored area 
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® CRT display RAM (2000 16 to 20D7 16 ) 
The CRT display RAM is allocated at addresses 2000 16 to 
20D7 16 , and is divided into a display character code spe- 
cifying part and display color specifying part for each block. 
Table 7 shows the contents of the CRT display RAM. 
When a character is to be displayed at the first character 
(leftmost) position in block 1, for example, it is necessary 
to write the character code to the seven low-order bits 
(bits 0 to 6) in address 2000 16 and the color register No. to 
the two low-order bits (bits 0 and 1) in address 2080 16 . The 
color register No. to be written here is one of the four color 
registers in which the color to be displayed is set in adv- 
ance. For details on color registers, refer to (5) Color Reg- 
isters. 

The structure of the CRT display RAM is shown in Figure 
30. Write the character patterns at Table 8 and 9, when 
M37102M8-XXXSP is mask-ordered. 



Table 7. The contents of the CRT display RAM 



Block 


Display position (from left) 


Character code specification 


Color specification 




1st column 


2000! 6 


2080i 6 




2nd column 


2001 1 6 


2081 16 




3rd column 


2002! 6 


2082! 6 


Block 1 










22th column 


201 5 16 


2095i 6 




23th column 


201 6 16 


2096i 6 




24th column 


201 7 16 


2097! 6 




201 8, 6 


2098! 6 


Not used 


to 


to 




201 F 16 


209Fi 6 




1st column 


202^ 6 


20A0i 6 




2nd column 


2021 16 


20A1 16 




3rd column 


2022 16 


20A2i 6 


Block 2 










22th column 


2035 16 


20B5i 6 




23th column 


2036! 6 


20B6i6 




24th column 


2037 16 


20B7 16 




2038 16 


20B8 16 


Not used 


to 


to 




203F 16 


20BF 16 




1st column 


2040! 6 


20C0i 6 




2nd column 


2041 is 


20C1 16 




3rd column 


2042i 6 


20C2 16 


Block 3 










22th column 


2055 16 


20D5ie 




23th column 


2056! 6 


20D6i6 




24th column 


2057! 6 


20D7 16 




2058! 6 




Not used 


to 






207 Fi 6 
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Block 1 



[Character specification) 

1st column : 2000 16 
to 

24th column : 201 7 16 



- Character code 

Specify 126 characters at 00 16 to 7D 16 



Block 2, 3 



[Color specification) 

1st column : 2080 16 
to 

24th column : 2097 16 



[Character specification) 

1st column : 2020 16 
to 

24th column : 2037 16 



(Address 2040 16 to 2057 16 in the case of block 3) 



- Former half color register specification 
in the normal mode or in the half character 
width color select mode 

00 : Color register 0 specification 

01 : Color register 1 specification 

10 : Color register 2 specification 

11 ; Color register 3 specification 



- Latter half color register specification 
in the half character width color select mode 

00 : Color register 0 specification 

01 *. Color register i specification 

10 : Color register 2 specification 

1 1 : Color register 3 specification 



■ Character code 

Specify 126 characters at 00 16 to 7D 16 



[Color specification) 

1st column : 20A0 16 
to 

24th column : 20B7 16 



(Address 20C0 16 to 20D7 16 in the case of block 3) 



-Color register specification 

00 : Color register 0 specification 

01 : Color register 1 specification 

10 : Color register 2 specification 

1 1 Color register 3 specification 



Fig. 31 Structure of the CRT display RAM 
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Table 8. Test character patterns 1 



Address 


Data 


Address 


Data 


37E0 16 


40, 6 


3FE0i 6 


F0i 6 


37E1 16 


04! 6 


3FE1i 6 


F0 16 


^ 37E2 16 


oo 16 


3FE2i 6 


F4i 6 


37E3 16 


20! 6 


3FE3 16 


F0i 6 


37E4 16 


02 16 


3FE4 16 


F0i 6 


37E5 16 


oo 16 


3FE5i 6 


F2 16 


37E6 16 


10ie 


3FE6i 6 


F0 16 


37E7 16 


01ie 


3FE7i 6 


F0 16 


37E8 16 


80! 6 


3FE8i 6 


F0 16 


37E9 16 


08i 6 


3FE9i 6 


F0 16 


37EA 16 


00! 6 


3FEA 16 


F8 16 


37EB 16 


40i 6 


3FEBi 6 


F0 16 


37EC 16 


04! 6 


3FECi 6 


F0i 6 


37ED 16 


00i 6 


3FED 16 


F4 16 


37EE 16 


20 16 


3FEEi 6 


F0i 6 


37EF 16 


02 16 


3FEFi 6 


F0 16 



(5) Color Registers 

The color of a displayed character can be specified by set- 
ting the color to one of the four color registers (COO to 
C03: addresses 00E6 16 to 00E9 16 ) and then specifying that 
color register with the CRT display RAM. 
There are four color outputs: R, G, B, and I. By using a 
combination of these outputs, it is possible to set 2 4 -1 
(when no output) = 15 colors. However, because only four 
color registers are available, up to four colors can be dis- 
played at one time. 

R, G, B, and I outputs are set by using bits 0 to 3 in the col- 
or register. Bit 4 in the color register is used to set a char- 
acter or blank output; bit 5 is used to specify whether a 
character output or blank output. Figure 32 shows the struc- 
ture of the color register. 



Table 9. Test character patterns 2 



Address 


Data 


Address 


Data 


37F0i 6 


oo t6 


3FF0 16 


F0 16 


37F1 16 


oo 16 


3FF1 16 


F0 16 


37F2 16 


oo 16 


3FF2 16 


F0 16 


37F3 16 


00! 6 


3FF3 16 


F0 16 


37F4 16 


00, 6 


3FF4 16 


F0 16 


37F5 16 


00, 6 


3FF5 16 


F0 16 


37F6 16 


00, 6 


3FF6 16 


F0 16 


37F7 16 


00, 6 


3FF7 16 


F0 16 


37F8 16 


00, 6 


3FF8 16 


F0 16 


37F9 16 


00! 6 


3FF9 16 


F0 16 


37FA 16 


00! 6 


3FFA 16 


F0 16 


37FBi 6 


oo 16 


3FFB 16 


F0 16 


37FC 16 


oo 16 


3FFC 16 


F0 16 


37FD 16 


oo 16 


3FFD 16 


F0 16 


37FE 16 


oo 16 


3FFE 16 


F0 16 


37FF 16 


oo 16 


3FFF 16 


F0 16 



] Color register 

(Address 00E6 16 to OOE^g) 

I pin output bit 

0 : No character is output 

1 : Character is output 

- B pin output bit 

0 No character is output 

1 : Character is output 

- G pin output bit 

0 : No character is output 

1 : Character is output 

- R pin output bit 

0 '. No character is output 

1 : Character is^ output 

• OUT pin output bit (Note) 

0 : No character or blank is output 

1 : Character or blank is output 

■ OUT pin output control bit (Note) 

0 : OUT pin outputs character 

1 'OUT pin outputs blank 



When the character outlining function is used, the 
contents of these two bits (bits 4 and 5) are nullified, 
and the OUT pin output becomes an border output 



Fig. 32 Structure of color registers 
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(6) Half Character Width Color Select Mode 

By setting "1" to bit 4 in the CRT control register (address 
00EA 16 ) it is possible to specify colors in units of a half 
character size (vertical 16 dots X horizontal 6 dots) for char- 
acters in block 1 only. 

In the half character width color select mode, colors of dis- 
play characters in block 1 are specified as follows: 



©The left half of the character is set to the color of the col- 
or register that is specified by bits 0 and 1 at the color 
register specifying addresses in the CRT display RAM 
(addresses 2080 16 to 2097 16 ). 

(DThe right half of the character is set to the color of the 
color register that is specified by bits 2 and 3 at the color 
register specifying address in the CRT display RAM 
(addresses 2080 16 to 2097 16 ). 



Color of the color register 


Color of the color register 




specified by bit 0 and bit 1 


specified by bit 0 and bit 1 


Block 1 


of address 2080 16 


of address 2081 16 





(a) Display in the normal mode 



Color of the color register 


Color of the color register 


Color of the color register 


Color of the color register 




specified by bit 0 and bit 1 


specified by bit 2 and bit 3 


specified by bit 0 and bit 1 


specified by bit 2 and bit 3 


Block 1 


of address 2080! 6 


of address 2080 16 


of address 2081 16 


of address 2081 16 





(b) Display in the half character width color select mode 



Fig. 33 Difference between normal color select mode and half character width color select mode 
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(7) Multiline Display 

The M37102M8-XXXSP can normally display three lines on 
the CRT screen by displaying three blocks at different ver- 
tical positions. 

In addition, it allows up to 16 lines to be displayed by using 
a CRT interrupt and display block counter. 
The CRT interrupt works in such a way that when display of 
one block is terminated, an interrupt request is generated. 
In other words, character display for a certain block is initi- 
ated when the scanning line reaches the display position 
for that block (specified with vertical and horizontal position 
registers) and when the range of that block is exceeded, 
an interrupt is applied. 

The display block counter is used to count the number of 
blocks that have just been displayed. Each time the display 
of one block is terminated, the contents of the counter are 
incremented by one. 

For multiline display, it is necessary to enable the CRT in- 
terrupt (by clearing the interrupt disable flag to "0" and set- 
ting the CRT interrupt enable bit (bit 4 at address 00FE 16 ) 
to "1"), then execute the following processing in the CRT 
interrupt handling routine. 



©Read the value of the display block counter. 

©The block for which display is terminated (i.e., the cause 
of CRT interrupt generation) can be determined by the 
value read in ©. 

(D Replace the display character data and display position 
of that block with the character data (contents of CRT 
display RAM) and vertical display position (contents of 
vertical position register) to be displayed next. 

Figure 34 shows the structure of the display block counter. 



7 0 
| | | | [ [ ]""""| Display block counter 
I (address 00EB 16 ) 

— I — i — I— Indicates number of blocks that are 
being displayed or were displayed 



Fig. 34 Structure of display block counter 



Block 2 



Count value Interrupt 
position 



Fig. 35 Timing of CRT interrupt and count value of display block counter 
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(8) Scanning Line Double Count Mode 

One dot in a displayed character is normally shown by one 
scanning line. In the scanning line double count mode, one 
dot can be shown by two scanning lines. As a result, the 
displayed dot is extended two times the normal size in the 
vertical direction only. (That is to say, the height of a char- 
acter is extended twofold.) 

In addition, because the scanning line count is doubled, the 
display start position of a character is also extended two- 
fold in the vertical direction. In other words, whereas the 
contents set in the vertical position register in the normal 
mode are 128 steps from 00 16 to 7F 16 , or four scanning lines 
per step, the number of steps in the scanning line double 
count mode is 64 from 00 16 to 3F 16> or eight scanning lines 
per step. 



If the contents of the vertical position register for a block 
are set in the address range of 40 16 to 7F 16 in the scanning 
line double count mode, that block cannot be displayed 
(not output to the CRT screen). 

In the scanning line double count mode can be specified 
by setting bit 6 in the CRT control register (address 
00EA 16 ) to "1". 

Because this function works in units of screen, even when 
the mode is changed the mode about the scanning line 
count during display of one screen, the double count mode 
only becomes valid from the time the next screen is dis- 
played. 



Vertical position A 

> Scanning line 16 lines 



AX2 



Vertical position AX2 



> Scanning line 32 lines 



(a) Display in the normal mode 



(b) Display in the scanning line double count mode 



Fig. 36 Display in the normal mode and in the scanning line double count mode 
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(9) Character Border Function 

An border of a one clock (one dot) equivalent size can be 
added to a character to be displayed in both horizontal and 
vertical directions. 

The border is output from the OUT pin. In this case, bits 4 
and 5 in the color register (contents output from the OUT 
pin) are nullified, and the border is output from the OUT 
pin instead. 



Border can be specified in units of block by using the bor- 
der select register (address 00E5 16 ). Table 10 shows the 
relationship between the values set in the border select 
register and the character border function. Figure 38 shows 
the structure of the border select register. 



Table 10. The relationship between the value set in the border selection register and the character border function 



Border selection register 


Functions 


Example of output 


MDn1 


MDnO 


X 


0 


Normal 


R, G, B, I output TT 

OUT output n 


0 


1 


Border including character 


R, G, B, I output n 

OUT output -J 1— 


1 


1 


Border not including character 


R, G, B, 1 output PL- 
OUT output _J~LJ~~L- 




□ is border 

■ is display by character data 



I 



] Border selection register 
(Address 00E5 16 ) 



Block 1 OUT output border selection bit 

0 : The same as R, G, B is output 

1 Border is output 

- Block 1 output switch bit 

0 : Border including character 

1 : Border only 

■ Block 2 OUT output border selection bit 

0 : The same as R, G, B is output 

1 : Border is output 

- Block 2 output switch bit 

0 Border including character 

1 : Border only 

- Block 3 OUT output border selection bit 

0 : The same as R, G, B is output 

1 *. Border is output 

- Block 3 output switch bit 

0 I Border including character 

1 : Border only 



Fig. 38 Structure of border selection register 



Fig. 37 Example of border 
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(10) CRT Output Pin Control 

CRT output pins R, G, B, I, and OUT are respectively 
shared with port P5 2 , P5 3 , P5 4 , P5 5) and P5 6 . When the cor- 
responding bits in the port P5 direction register are cleared 
to "0", the pins are set for CRT output; when the bits are 
set to "1", the pins function as port P5 (general- purpose 
output pins). 

The polarities of CRT outputs (R, G, B, I, and OUT, as well 
as Hsync and V SYN c) can be specified by using the CRT 
port control register (address 00EC 16 ). 
Use bits 0 to 4 in the CRT port control register to set the 
output polarities of Hsync> Vsync> 

R/G/B, I, and OUT. When 
these bits are cleared to "0", a positive polarity is selected; 
when the bits are set to "1", a negative polarity is selected. 
Bits 5 to 7 in the CRT port control register are used to spe- 
cify pin by pin whether normal video signals or R-MUTE, G- 
MUTE, and B-MUTE signals are output from each pin (R, 
G, B). When set for R-MUTE, G-MUTE, and B-MUTE out- 
puts, the whole background colors of the screen become 
red, green, and blue. 

Figure 39 shows the structure of the CRT port control reg- 
ister. 



(11) Scroll Function 

© Scroll mode 

The M37102M8-XXXSP allows the display area to be gra- 
dually expanded or shrunk in the vertically direction in units 
of 1H (H: Hsync signal). There are three modes for this 
scroll method. Each mode has Down and UP modes, pro- 
viding a total of six modes. 
Table 11 shows the contents of each scroll mode. 
© Scroll speed 

The scroll speed is determined by the vertical synchroniza- 
tion (Vsync) signal. For the NTSC interlace method, assum- 
ing that 

V= 16.7ms 262.5 H S ync signals per screen 

we obtain the scroll speed as shown in Table 12. 

Scroll resolution varies with each scroll mode. In mode 1 

and mode 2, one of three resolutions (1H, 2H, 4H) can be 

selected. In mode 3, scroll is done in units of 4H alone. 



7 0 
I | | | I I I | | Scroll mode register 
I I (address 00ED 16 ) 

' — Mode selection bit 

00 : Scroll disable 

01 : Mode 1 

10 : Mode 2 

11 : Mode 3 

' Direction mode selection bit 

0 : Down Mode 

1 : UP Mode 



7 Q 
1 | | | | | | PI CRT port control register 
I I | I I I I I (address 00EC 16 ) 

H S ync input polarity selection bit 

0 I Positive polarity 

1 : Negative polarity 

Vsync input polarity selection bit 

0 : Positive polarity 

1 : Negative polarity 

' R/G/B output polarity selection bit 

0 : Positive polarity 

1 : Negative polarity 

' I output polarity selection bit 

0 I Positive polarity 

1 : Negative polarity 

' OUT output polarity selection bit 

0 '. Positive polarity 

1 '. Negative polarity 

' R pin output switch bit 

0 .' R signal output 

1 .* MUTE signal output 

' G pin output switch bit 

0 ! G signal output 

1 : MUTE signal output 

' B pin output switch bit 

0 : B signal output 

1 ! MUTE signal output 



Fig. 39 Structure of CRT port control register 



Scroll unit selection bit 

00 : 1 H unit 

01 : 2H unit 
10 : 4H unit 

Stop mode selection bit 

00 : Stop at the 312th H 

01 : Stop at the 1 56th H 

10 : Stop at the 256th H 

1 1 : Stop at the 1 28th H 



Fig. 40 Structure of scroll mode register 
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Table 11. Scroll operation in each mode and the values of scroll mode register 



Mode 


Scroll operation 


Scroll mode register 


Bit 2 


Bit 1 


BitO 


1 


Down 


Appear from 
upper side 




r ■< 

A B C D E F 
G H 1 J K L 
M N O P Q R 


Do 

ON 

OFF ' 


wn U 


P 


0 


0 


1 


UP 


Erase from 
lower side 


1 


0 


1 


2 


Down 


Erase from 
upper side 




G H 1 J K L 
M N O P Q R 
S T U V W X 


Do 

OFF 
ON 


wn U 


P 


0 


1 


0 


UP 


Appear from 
lower side 


1 


1 


0 


3 


Down 


Erase from both 
upper and lower side 




G H 1 J K L 
M N 0 P Q R 


Down Up 

"1. 1 

ON 

-t I 


0 


1 


1 


UP 


Appear to both 
upper and lower side 


1 


1 


1 



Table 12. Scroll speed 



Scroll resolution 


Scroll speed (in all picture) 


1 H unit 


16.7 (ms) X262.5^- 1 == 4 (s) 


2 H unit 


16.7 (ms) X262.5H- 2 = 2 (s) 


4 H unit 


16.7 (ms) X262.5-^ 4 % 1 (s) 



Table 13. Scroll mode and scroll resolution 



Mode 


Scroll 
resolution 


Scroll speed 


Mode 1 
Mode 2 


1 H Unit 


about 4 second 


2 H Unit 


about 2 second 


4 H Unit 


about 1 second 


Mode 3 


4 H Unit 


about 1 second 
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INTERRUPT INTERVAL DETERMINATION 
FUNCTION 

The M37102M8-XXXSP incorporates an interrupt interval 
determination circuit. This interrupt interval determination 
circuit has an 8-bit binary counter as shown in Figure 41. 
Using this counter, it determines a duration of time from the 
rising transition (falling transition) of an input signal pulse 
on the INT, or INT 2 to the rising transition (falling transition) 
of the signal pulse that is input next. 

The following describes how the interrupt interval is deter- 
mined. 

1 . The interrupt input to be determined (IN^ input or 
INT 2 input) is selected by using bit 2 in the interrupt in- 
terval determination control register (address 00D8 16 ). 
When this bit is cleared to "0", the IN^ input is 
selected; when the bit is set to "1", the INT 2 input is 
selected. 

2 . When the IN^ input is to be determined, the polarity is 
selected by using bit 3 in the interrupt interval deter- 
mination control register; when the INT 2 input is to be 
determined, the polarity is selected by using bit 4 in 
the interrupt interval determination control register. 
When the relevant bit is cleared to "0", determination is 
made of the interval of a positive polarity (rising 



transition); when the bit is set to "1", determination is 
made of the interval of a negative polarity (falling 
transition). 

The reference clock is selected by using bit 1 in the 
interrupt interval determination control register. When 
the bit is cleared to "0", a 64// s clock is selected; when 
the bit is set to "1", a 32// s clock is selected (based on 
an oscillation frequency of 4MHz in either case). 
Simultaneously when the input pulse of the specified 
polarity (rising or falling transition) occurs on the INTi 
pin (or INT 2 pin), the 8-bit binary counter starts count- 
ing up with the selected reference clock (64//S or 32 
/*s). 

Simultaneously with the next input pulse, the value of 
the 8-bit binary counter is loaded into the determina- 
tion register (address 00D7 16 ) and the counter is im- 
mediately reset (00 16 ). The reference clock is input in 
succession even after the counter is reset, and the 
counter restarts counting up from "00 16 " 
When count value "FE 16 " is reached, the 8-bit binary 
counter stops counting. Then, simultaneously when the 
reference clock is input next, the counter sets value 
"FF 16 " to the determination register. 



32/us 



64/* s 5> 



RE, 



I IN I 2 

t, — Jt>- 



INT! 

(Note) re 2 



Control 
circuit 



RE 0 



8-bit binary up counter 



Digital 
filter 



Interrupt interval determination circuit 



Address 00D7 16 



Note : The pulse width of external interrupt INTt and INT 2 need more than 5 machine cycles 



Fig. 41 Block diagram of interrupt interval determination circuit 
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7 0 

Interrupt space distinguish control register 
I I 111111 (Address 00D8 16 ) 

' Remote control determination circuit operation bit 

0 : Operation stop 

1 I Operation start 

' Standard clock selection bit 

0 : 64//S (Atf(X IN )=4MHz) 

1 : 32jus (Atf(X IN )=4MHz) 

' External interrupt input pin selection bit 

0 : INT! input 

1 INT 2 input 

' INTi pin input polarity switch bit 

0 : Positive polarity 

1 I Negative polarity 

' INT 2 pin input polarity switch bit 

0 : Positive polarity 

1 Negative polarity 



Fig. 42 Structure of interrupt space distinguish control register 
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RESET CIRCUIT 

The M37102M8-XXXSP is reset according to the sequence 
shown in Figure 45. It starts the program from the address 
formed by using the content of address FFFF 16 as the high 
order address and the content of the address FFFE 16 as the 
low order address, when the RESET pin is held at "L" level 
for no less than 2/iS while the power voltage is 5V±10% 







Address 






(1) 


Port PO directional register 


( 0 0 C 1 16 )- 


•I oo 16 


-I 


(2) 


Port P1 directional register 


( 0 0 C 3 16 )- 


00 16 


=n 


(3) 


Port P2 directional register 


( 0 0 C 5 16 ) 


00ie 


-n 


(4) 


Port P3 directional register 


( 0 0 C 7 16 )- 


■I lolololololo 


o 


(5) 


Port P4 directional register 


( 0 0 C 9 16 )- 


• I oo 16 




(6) 


Port P5 directional register 


( 0 0 C B 16 )- 


■I I 0 I 0 I 0 I 0 I 0 I 

i ri rn i 


=n 


(7) 


Port P6 directional register 


(0 0 C D 16 ) 


•| oo 16 




(8) 


PWM output control register 1 


( 0 0 D 5 16 ) 


00-ie 


=n 


(9) 


PWM output control register 2 


( 0 0 D 6 16 ) 


1 1 1 1 0 1 0 1 0 1 0 


o 


do) 


Interrupt space 
distinguish register 


( 0 0 D 7 16 ) 


00i6 




(11) 


Interrupt space 
distinguish control register 


( 0 0 D 8 16 ) 


OO16 


=n 


(12) 


Special mode register 1 


( 0 0 D A, 6 )- 


• I 00-te 


=n 


(13) 


Special mode register 2 


(0 0 D B 16 ) 


00i6 


=n 


(14) 


Serial 1/01 mode register 


( 0 0 D C 16 ) 


I I | o | o 0 | o | o 


o| 


(15) 


Serial I/02 mode register 


(0 0 D E 16 ) 


00000 

I I I u I u I u I u I u 


ol 


(16) 


Horizontal position register 


( 0 0 E 0 16 )- 


0 | J 0 | 0 j 0 j 0 | 0 


ol 


(17) 


Color register 0 


( 0 0 E 6 16 ) 


• I | o [ 0 0 | 0 | 0 


o 


(1!) 




( 0 0 E 7 16 )- 


• I o | 0 0 | 0 | 0 


ol 


(19) 


Color register 2 


( 0 0 E 8 16 ) - 


I I | o | 0 j 0 | 0 | 0 


o 


(20) 


Color register 3 


( 0 0 E 9 16 )- 


• I | o | 0 0 | 0 | 0 


ol 


(21) 


GRT control register 


( 0 0 E A 16 ) 


00i6 




(22) 


Display block counter 


( 0 0 E B 16 )- 


MM lololo 

1 1 1 1 l u l u l u 


ol 

I 




CRT port control register 




1 OO16 




(24) 


Scroll control register 


(0 0EDJ- 


I |o|o|o|o|o|o 


0 


(25) 


A-D control register 


(0 0 EF 16 )- 


•I I I 0 I I 0 I 0 I 0 


0 


(26) 


Timer 1 


(0 0F0J 


•[ FF 16 




(27) 


Timer 2 


( 0 0 F 1 16 )- 


•|_ 07 16 




(28) 


Timer 3 


(OOF 2 16 )- 


| FF 16 




(29) 


Timer 4 


(OOF 3 16 )- 


•[_ 07 16 




(30) 


Timer 12 mode register 


(OOF 4 16 )- 


• | | | 0 | 0 ] 0 | 0 


0 


(3D 


Timer 34 mode register 


(OOF 5 16 )- 


I | o | 0 | 0 | 0 


0 


(32) 


CPU mode register 


(0 0 FB 16 ) • 


'I 1 I 1 I 1 I 1 I 1 I 1 I 0 


ol 


(33) 


Interrupt request register 1 


(OOF C 16 )- 


| 0 | 0 ] 0 | 0 | 0 


0 


(34) 


Interrupt request register 2 


(OOF D 16 ) • 


I f o ( 0 | 0 ( 0 


0 


(35) 


Interrupt control register 1 


(0 0 F E 16 ) - 


ooooo 


ol 


(36) 


Interrupt control register 2 


(OOF F 16 )- 


•[ | | | 0 | 0 | 0 | 0 


0 


(37) 


Processor status register 


(PS)- 


i Mm 




(38) 


Program counter 


(PC H )- 


I Contents of address 
'I FFFF 16 








(PC L )- 


I Contents of address 
'I FFFE16 




Note : Since the contents of both registers other than those listed 

above and the RAM are undefined at reset, it is necessary to 
set initial values 

At reset, "0" is read from all bits which is not used 



and the crystal oscillator oscillation is stable and then re- 
turned to "H" level. The internal initializations following re- 
set are shown in Figure 43. 

An example of the reset circuit is shown in Figure 44. The 
reset input voltage must be kept below 0.6V until the supp- 
ly voltage surpasses 4.5V. 



Supply voltage OV ■ 



Reset input 

voltage 0V 




1 



M51953AL 



0.1//F 



RESET 



M37102M8-XXXSP 



Fig. 44 Example of reset circuit 



Fig. 43 Internal state of microcomputer at reset 
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f(x, N ) J~LT 



Internal RESET 

SYNC 
Address 
Data 



-JLITLTL 



Reset address from the vector table 



32768 count of f(X IN ) (Note 3) 



Note 1 ' Frequency relation of f (X tN ) and (f> is f(X, N ) =2 • <f>. 

2 The mark " ? " means that the address is change- 
able depending on the previous state 

3 '. Immediately after a reset, FF 16 is automatically set 

in timer 3 and 07 16 in timer 4 and timer 4, timer 3 
and the clock (f(X iN ) divided by 16) are con- 
nected in series. 

Reset is canceled by the overflow signal of timer 
4. 



Fig. 45 Timing diagram at reset 
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I/O PORTS 

(1) PortPO 

Port PO is an 8-bit I/O port with CMOS output. 
As shown in the memory map (Figure 3), port PO can 
be accessed at zero page memory address 00C0 16 - 
Port PO has a directional register (address 00C1 16 ) 
which can be used to program each individual bit as 
input ("0") or as output ("1"). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 
Depending on the contents of the processor mode bits 
(bit 0 and bit 1 at address 00FB 16 ) , three different 
modes can be selected; single-chip mode, memory ex- 
pansion mode and microprocessor mode. 
In these modes it functions as address (A 7 -A 0 ) output 
port (excluding single-chip mode) . For more details, 
see the processor mode information. 

(2) Port P1 

In single-chip mode, port P1 has the same function as 
port PO. In other modes, it functions as address (A 15 - 
A 8 ) output port. 

Refer to the section on processor modes for details. 

(3) PortP2 

In single-chip mode, port P2 has the same function as 
port PO. In other modes, it functions as data (D 0 -D 7 ) in- 
put/output port. Refer to the section on processor mod- 
es for details v 

(4) Port P3 

Port P3 is an 7-bit I/O port with function similar to port 
PO, but the output structure of P3 0 , P3i is CMOS output 
and P3 2 -P3 6 is N-channel open drain. 
P3 2 , P3 3 are in common with the external clock input 
pins of timer 2 and 3. 

P3 4 , P3 6 are in common with the external interrupt input 
pins INT 1f INT 2 and P3 5 , P3 6 with the analog input pins 
of A-D converter A-D 1f A-D 2 . 

In the microprocessor mode or the memory expanding 
mode, P3 0 , P3^ works as R/W signal output pin and 
SYNC signal output pin. 



(5) PortP4 

Port P4 is an 8-bit I/O port with function similar to port 
PO, but the output structure is N-channel open drain 
output. 

All pins have program selectable dual functions. When 
a serial I/O 1 function is selected, P4 0 -P4 3 work as in- 
put/output pins of serial 1/01. When a serial I/02 func- 
tion is selected, P4 4 -P4 7 work as input/output pins of 
serial I/02. 

In the special serial I/O mode, P4 4 , P4 5 work as SDA, 
SCL pins. P4 6 , P4 7 are in common with PWM8 and 9 
output pins. 

(6) OSC1, OSC2 pins 

Clock input/ output pins for CRT display function 

(7) Hsync. Vsync pins 

Hsync is a horizontal synchronizing signal input pin for 
CRT display. 

Vsync is a vertical synchronizing signal input pin for 
CRT display. 

(8) R, G, B, I, OUT pins 

This is an 5-bit output pin for CRT display and in com- 
mon with P5 2 -P5 6 . 

(9) Port P6 

Port P6 is an 8-bit I/O port with function similar to port 
PO, but the output structure is N-channel open drain 
output. 

This port is in common with 8-bit PWM output pin 
PWM0-PWM7. 

(10) D-A pin 

This is a 14-bit PWM output pin. 

(11) 0pin 

The internal system clock (1/4 the frequency of the 
oscillator connected between the X, N and X OU t pins) is 
output from this pin. If an STP or WIT instruction is ex- 
ecuted, output stops after going "H". 
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Port PO, P1, P2, P3 0 , P3 1 



Data bus 



- j Directional register""| - 



Port latch 



t 



CMOS tri-state output 



r"T~"0 Port P0, P1, P2, P3 °' P31 

J " 



Port P3 2 -P3 6 , P4 0 -P4 5 



Data bus - 



Directional register 



-e- 



N-channel open dram output 



Port P3 2 -P3 6l P4 0 -P4 5 



Note : P3 2l P3 3 may also be used as 
timer inputs 

P3 4> P3 6 may also be used as 
external interrupt inputs. 
P3 5 , P3 6 may also be used as 
input pjns for A-D converter. 
P4 0 -P4 5 may also be used as 
serial I/O pins. 



Port P4 6) P4 7l P6 



Directional register "| - 



>1 



N-channel open drain output 



W 



■^"O Port P4 6. P4 7( P6 

Note : P4 6l P4 7 , P6 may also be used c 
8-bit PWM output pins. 
P4 6l P4 7 may also be used as 
serial I/O pins 



Hsync. V S ync 



^_ Schmitt input 



it 

m 



~e— e- 



""^3 Hsync. Vsync 



■; 



D-A, <t>, R, G, B, I, OUT 
CMOS output 



-Q D-A, <t>, R, G, B, I, OUT 



77T 



77T 



Fig. 46 Block diagram of ports P0-P6 (single-chip mode) and output format of D-A, <f>, R, G, B, I OUT 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 0 
and 1 at address 00FB 16 ), three different operation modes 
can be selected; single-chip mode, memory expansion 
mode, and microprocessor mode. 

In the memory expansion mode and the microprocessor 
mode , ports P0-P3 can be used as address, and data in- 
put/output pins. 

Figure 48 shows the functions of ports P0-P3. 
The memory map for the single-chip mode is shown in 
Figure 2 and for other modes, in Figure 47. 
By connecting CNV SS to V ss , all three modes can be 
selected through software by changing the processor mode 
bits. Connecting CNV SS to V cc automatically forces the 
M371 02M8-XXXSP/FP into memory expansion mode. Con- 
necting CNV SS to V cc automatically forces the M37201 M6- 



XXXSP into microprocessor mode. 

The three different modes are explained as follows: 

(1) Single-chip mode (00] 

The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNV S s is con- 
nected to V ss - Ports P0-P3 will work as original I/O 
ports. 

(2) Memory expansion mode [01] 

The microcomputer will be placed in the memory ex- 
pansion mode after connecting CNV S s to V C c and in- 
itiating a reset or connecting CNV S s to V ss and the pro- 
cessor mode bits are set to "01". This mode is used to 
add external memory when the internal memory is not 
sufficient. 

In this mode, port P0 and port P1 are as a system 
address bus and its I/O port function is lost. 
Port P2 becomes the data bus of D 7 -D 0 (including in- 
struction code) and loses its I/O port function. Port P3 0 
and P3i works as R/W and <t>. 

(3) Microprocessor mode [10] 

When CNV SS is connected to V ss and the processor 
mode bits are set to "10", the microcomputer will auto- 
matically default to microprocessor mode. In this mode, 
the internal ROM is inhibited so the external memory is 
required. Other functions are same as the memory ex- 
pansion mode. The relationship between the input level 
of CNV S s and the processor mode is shown in Table 
14. 

Note : Use the M37102M8-XXXSP in the microprocessor 
mode or the memory expansion mode only at 
program development. 

The standards is assured only in the single-chip 
mode. 



FFFF 16 



Internal ROM 








Memory for 

display 




Memory for 

display 








Internal RAM 




Internal RAM 


Special function 
registers 




Special function 
registers 


Internal RAM 




Internal RAM 



Memory expansion Microprocessor mode 

mode 



The shaded area is external memory area 
Fig. 47 External memory area at each processor mode 
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CM, 


0 


0 


1 


CM 0 


0 


1 


0 


\Mode 
Port \ 


Single-chip 
mode 


Memory expansion 
mode 


Microprocessor 
mode 


Port PO 


d I r 

rOns r\Jj-rVo 

I/O port 


d I r 

"V Address V"" 
A A 7 A 0 A 


Same as left 


Port P1 


d l l 

Ports PI7-PI0 


d 1 1 

Ports PI7-PI0 


Same as left 


I/O port 


"V Address V"" 
A A 15-A 8 A 






Port P2 


d i r 

Ports P2 7 -P2 0 
Y I/O port 


1 1 1 — 

d 1 r 

Ports P2 7 -P2 0 

"V / Data \ 
/ \ D7-D0 /"" 


Same as left 


Port P3 


*i i r 

J I I 

Ports P3 2 -P3 6 


'i 1 r 

Ports P3 2 -P3 6 


Same as left 


Y I/O port 


Y I/O port 


Port P3, 


Port P3t 


I/O port 


IX sync xc 


Port P3 0 


Port P3 0 


I/O port 


"X r w y 



Fig. 48 Proqessor mode and function of port P0-P3 



Table 14. Relationship between CNV S s pin input level and processor mode 



CNVss 


Mode 


Explanation 


V ss 


• Single-chip mode 

• Memory expansion mode 

• Microprocessor mode 


The single-chip mode is set by the reset All modes can be selected by changing the pro- 
cessor mode bit with the program 


Vcc 


• Memory expansion mode 

• Microprocessor mode 


The memory expansion mode is set by the reset ( M371 02M8-XXXSP/FP) 
The microprocessor mode is set by the reset (M37201 M6-XXXSP) 



2-96 



MITSUBISHI MICROCOMPUTERS 

M37102M8-XXXSP FP 
M37201M6-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 

with ON-SCREEN DISPLAY CONTROLLER 



CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
51. 

When an-STP instruction is executed, the internal clock </> 
stops oscillating at "H" level. At the same time, timer 3 and 
timer 4 are connected automatically and FF 16 is set in the 
timer 3, 07 16 is set in the timer 4, and timer 3 count source 
is forced to f(X, N ) divided by 16. This connection is cleared 
when an external interrupt is accepted or the reset is in, as 
discussed in the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the clock <t> keeps its "H" level until timer 4 over- 
flows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used 
When the WIT instruction is executed, the clock 0 stops in 
the "H" level but the oscillator continues running. This wait 
state is cleared when an interrupt is accepted. Since the 
oscillation does not stop, the next instructions are executed 
at once. 

To return from the stop or the wait status, the interrupt en- 
able bit must be set to "1" before executing STP or WIT in- 
struction. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 49. 



The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock usage is shown in Figure 50 
X| N is the input, and X OU t is open. 



M37102M8-XXXSP 
X|N X 0 UT 



30 



1MH 



31 



-LC lh 



Tfr 



Rd 

CoUT 



Fig. 49 External ceramic resonator circuit 



M37102M8-XXXSP 


X 


IN 


30 ' 





External oscillating 
circuit 



muir 



Fig. 50 External clock input circuit 



Interrupt request - 



Interrupt _| 
disable flag I 




Reset 



STP instruction - 



S Q 



WIT 

instruction 



S Q 


t 




Q S 


R 






R 



- STP instruction 



KM 



6 6 



1/2 






1/8 





o 



Internal clock <j> 



T34M 0 





Timer 3 




Timer 4 


> 





Q T34M 2 
TIM3 



Fig. 51 Block diagram of clock generating circuit 
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PROGRAMMING NOTES 

(1 ) The frequency ratio of the timer is 1 /( n+1 ) . 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program) , those instruction are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as an NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) After the ADC and SBC instructions are executed (in 
decimal mode) , one instruction cycle (such as an 
NOP) is needed before the SEC, CLC, or CLD instruc- 
tions are executed. 

(4) An NOP instruction must be used after the execution of 
a PLP insturction. 

(5) In order to avoid noise and latch-up, connect a bypass 
capacitor (~0AjuF) directly between the V cc pin and 
V S s pin using a heavy wire. 



DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1) mask ROM order confirmation form 

(2) mark specification form 

(3) ROM data EPROM 3 sets 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s 

Output transistors are at "off" state 


—0. 3 to 6 


V 




Input voltage CNV S s 


—0. 3 to 6 


V 


v, 


Input voltage P0 0 -P0 7l PI0-PI7, P2 0 -P2 7 , 
P3 0 -P3 6 , P4 0 -P4 7> P60-P67, 
Hsync. Vsync. RESET 


—0. 3 to Vcc+0. 3 


V 


Vo 


Output voltage P0 0 -P0 7l PVPI7, P2 0 -P2 7 , 

P3 0 -P3 6> P4 0 -P4 5 , R, G, B, I, OUT, 
D-A, X 0U T- OSC2 


—0. 3 to Vcc+0. 3 


V 


V 0 


Output voltage P4 6> P4 7 , P6 0 -P6 7 




-0.3 to 13 


V 


'oh 


Circuit current R, G, B, I, OUT, P0 0 -P0 7) 
P1 0 -P1 7 , P2 0 -P2 3 , 
P3 0 , P3 1f D-A 




0 to 1 (Note 1) 


mA 


'oL1 


Circuit current R, G, B, I, OUT, P0 0 -P0 7 , 
P1 0 -P1 7 , P2o-P2 3> 
P3 0 -P3 6> P4 0 -P4 3 , D-A 




0 to 2( Note 2) 


mA 


'oi_2 


Circuit current P6 0 -P6 7l P4 6 , P4 7 




0 to 1 (Note 2) 


mA 


'oL3 


Circuit voltage P2 4 -P2 7 




0 to 10(Note 3) 


mA 


'oL4 


Circuit current P4 4l P4 5 




0 to 3( Note 2) 


mA 


Pd 


Power dissipation 


T a =25°C 


550 


mW 


Topr 


Operating temperature 




—10 to 70 


°C 


T stg 


Storage temperature 




—40 to 125 


°C 



RECOMMENDED OPERATING CONDITIONS (V CC =5V±10%, T a =-10 to 70°C unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit , 


Mm 


Typ 


Max 


Vcc 


Supply voltage (Note 4) During the CRT operation 


4.5 


5.0 


5.5 


V 


V SS 


Supply voltage 


0 


0 


0 


V 


V, H 


"H" input voltage P0 0 -P0 7l P1 0 -P1 7 , P2 0 -P2 7 , 
P3 0 -P3 6 , P4 0 -P4 3 , P4 6 ,P4 7 , 
P6o-P6 7 , Hsync. Vsync. RESET, 
X| Nl OSC1 


0. 8V CC 




Vcc 


V 


V, H 


"H" input voltage P4 4 , P4 5 


0. 7V CC 




Vcc 


V 


v IL 


"L" input voltage P0 0 -P0 7 , PI0-PI7, P2 0 -P2 7 , 

P3 0 , P3i, P3 5 , P4 0> P4 3 -P4 5 , P4 7 


0 




0. 4V CC 


V 


V, L 


"L" input voltage P3 2 -P3 4 , P3 6 , P4l P4 2 , P4 6 , 

Hsync. Vsync. RESET, Xin, OSC1 


0 




0. 2V CC 


V 


'OH 


"H" average output current (Note 1 ) R,G,B,I,OUT,P0 0 -P0 7 , 
P1 0 -P1 7 , P2 0 -P2 7 , P3 0 , P3! 






1 


mA 


loL1 


"L" average output current (Note 2) R,G,B,l,OUT,POo-P0 7 , 
P2 0 -P2 3 , P3 0 -P3 6 , P4 0 -P4 3 , D-A 






2 


mA 


•oi_2 


"L" average output current (Note 2) P6 0 -P6 7 , P4 6 , P4 7 






1 


mA 


'oL3 


"L" average output current (Note 3) P2 4 -P2 7 






10 


mA 


•oL4 


"L" average output current (Note 2) P4 4 , P4 5 






3 


mA 


fcpu 


Oscillating frequency (for CRT operation) (Note 5) 


3.6 


4.0 


4.4 


MHz 


fcRT 


Oscillating frequency (for CRT display) 


6.0 


7.0 


8.0 


MHz 


fhs 


Input frequency P3 2 -P3 4 , P3 6> P4 5 






100 


kHz 


fhs 


Input frequency 






1 


MHz 



Note 1 : The total current that flows out of the IC should be 20mA (max ) 

2 I The total of l 0 i_i, Iol2 and l 0 i_4 should be 30mA (max.) 

3 I The total of l OL of port P2 4 -P2 7 should be 20mA (max ) 

4 : Apply 0. 022/^F or greater capacitance externally between the V cc — V ss power supply pins so as 

to reduce power source noise 

Also apply 0. 068// F or greater capacitance externally between the V cc — CNV SS pins 

5 Use the crystal oscillator or ceramic resonator for CPU oscillation circuit 
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ELECTRIC CHARACTERISTICS (V CC =5V±10%, V S s=0V, T a =-10 to 70°C, f(X IN )=4MHz unless other wise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ 


Max. 


'cc 


Supply current 


V cc =5. 5V, f(X, N )=4MHz 
CRT OFF 




10 


20 


mA 


V cc =5. 5V, f(X IN )=4MHz 
CRT ON 




20 


30 


At stop mode 






300 


juA 


VqH 


"H" output voltage P0 0 -P0 7l PI0-PI7, P2o-P2 7 , 
P3 0 , P3 1f R, G, B, I, OUT 


V cc =4. 5V 
Ioh— — 0- 5mA 


2.4 






V 


Vol 


"L" output voltage P0 0 -P0 7> PI0-PI7, P2 0 -P2 3 , 
P3 0 -P3 6 , P4 0 -P4 3 , 
R, G, B, I, OUT, D-A 


Vcc—4. 5V 
I O l = 0. 5mA 






0.4 


V 


"L" output voltage P6 0 -P6 7( P4 6 , P4 7 


V cc =4. 5V 
Iol— 0. 5mA 






0. 4 


"L" output voltage P2 4 -P2 7 


V cc =4. 5V 
l O L=10mA 






3.0 


"L" output voltage P4 4 , P4 5 


V cc =4. 5V 
loi_ = 3mA 






0.4 


V T +-V T _ 


Hysteresis RESET 


V cc =5. 0V 




0.5 


0.7 


V 


Hysteresis (Note 1 ) H S ync, V S ync, P3 2 -P3 4 , 
P3 6l P4l P4 2i P4 4 -P4 6 


V cc =5. 0V 




0.5 


1.3 


'oZH 


"H" input leak current RESET, P0 0 -P0 7 , PI0-PI7. 
P2 0 -P2 7> P3 0 -P3 6 , P4 0 -P4 5 


V cc =5. 5V 
V 0 =5. 5V 






5 


juA 


"H" input leak current 
P6 0 -P6 7 , P4 6 , P4 7 


V cc =5. 5V 
V 0 =12V 






10 


'oZL 


"L" input leak current RESET, P0 0 -P0 7 , 
P1 0 -P1 7 , P2 0 -P2 7 , P3 0 -P3 6 , 
P4 0 -P4 7 , P6 0 -P6 7 


V cc =5. 5V 
V o =0V 






5 


uA 



Note 1 . P3 2 -P3 4 , P3 6 have the hysteresis when these pins are used as interrupt input pins or timer input pins 
P4i, P4 2> P4 4 -P4 6 have the hysteresis when these pins are used as serial I/O ports. 
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DISCRETION 

The M37103M4-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP. This single-chip micro- 
computer is useful for the high-tech channel-selection sys- 
tem for TVs. 

In addition to its simple instruction set, the ROM, RAM, and 
I/O addresses are placed on the same memory map to en- 
able easy programming. 



FEATURES 



•69 



• 8192 bytes 
•192 bytes 



Number of basic instructions 

Memory size 

ROM 

RAM 

Instruction execution time 

2/iS (minimum instructions at 4MHz frequency) 

Single power supply 5V±10% 

Power dissipation 

normal operation mode (at 4MHz frequency) 

35mW (V CC =5V, Typ.) 

Subroutine nesting 96levels (Max.) 

Interrupt 8types, 5vectors 

8-bit timer 4 

Programmable I/O ports 

(Ports PO, P1, P2, P3, P4, P5, P6) 46 

Serial I/O (8-bit) 1 

PWM function 14-bitX1 

8-bitX4 

6-bitX6 

Comparator 1 

Generating function for clock input of EAROM 
Two clock generating circuits* 

(one is for main clock, the other is for clock function) 
63-Character on screen display function 

Number of character 21 charactersX3 lines 

Kinds of character 96 



PIN CONFIGURATION (TOP VIEW) 



I/O 
port 
P6 



I/O port P2 



P6 5 /PWM5 ++ U 
P6 4 /PWM4 ** |T 
P6 3 /PWM3*+[7 
P6 2 /PWM2«-[? 
FWPWMI 
P6 o /PWM0/Tr«-[7 

P2 7 ~H 
P2 6 ~E 
P2 5 ^[]0 

P2 4 ^0I 
P23~DI 

p2 2 «-+[n 

P2 0 ~in 
p3 7 /s RDY ~ni 

P3 6 /CLK*>[T7 
PSs/Sout^UI 
P3 4 /S IN ~[l9 
P3 3 /A-D«-[20 
P3 2 /COUNT**H 
P3i **H 
P3o^H 
P53/INT! ++[24 
P5 2 /INT 2 ++|25 

CNVss H 
Reset input RESET -+ |27 
Clock input X| N [28 

Clock output Xout IH 
Clock input for r- 

clock function a cin "* ]2L 
Clock output for X CO ut *- 01 

clock function COUT t= 

v ss m 



I/O port 
P3 



I/O port 
P5 



2 

CO 

— k 

o 

CO 
i 

X 
X 
X 
CO 
"0 



60]- 



sol** 

in** 
g« 

45)++ 

!~ 

a- 

40)++ 
39]++ 

i~ 
a- 
a- 



I/O port PO 



B 
G 
R 

OUT 

HsYNC 
VsYNC 

P4 7 I/O port P4 
POo 
PO1 
P0 2 
P0 3 
P0 4 
P0 5 
P0 6 
P0 7 
P1o 
P1i 
P1 2 
P1 3 
P1 4 
P1 5 
P1e 
PI7 

PS^PWMG 
P5 4 /PWM7 
P5 5 /PWM8 
P5 6 /PWM9 
P5 7 /PWM10 



OSC2 Oscillator output 
for display 

OSC1 Oscillator input 
for display 



I/O port P1 



I/O 
port 
P5 



Timing output 



Outline 64P4B 



APPLICATION 

TV 
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Clock input 

for clock function 

/ Clock output 
Clock CJock / I for clock function 
input output / \ Timing output Reset input 
Xin Xqut XcinXcout 0 RESET 

-— Q$H$H@>-@)— # 



Clock generating 
circuit 



Vcc V ss CNV S < 

-Q> <g> (§>"- 

Data bus 



RAM 

192byt.es 



Address bus 



Program 




Program 


counter 




counter 


PC H (8) 




PC L (8) 



ROM 

8192byt.es 



8-bit 
Arithmetic 
and 
logical 
unit 



Accumulator 
A (8) 



Processor 
status 
register 

PS(8) 



Index 
register 
X(8) 



Index 
register 

Y(8) 



COUNT 



Stack 
pointer 

S(8) 



I Timer count source selection circuit 



3 



Timer 2 
A T2 (8) 



Timer 3 

T3 (8) 



F 








<> 








Instruction 
register 

(8) 


) 










Instruction 






decoder 



CRT 
circuit 



Timer 1 
^ T1 (8) 



Control signal 



Timer 4 

T4 (8) 



7T 



7> 



P0(8) 



7T 



1£ 



PI (8) 



3E 



7V 



SI/0(8) 



1Z 



P2(8) 



Srdy 
CLK 



P3(8) 



P4(1) 



INT 2 



INT, 



Timer 
output 
switching 
circuit 



P5(8) 



I/O port PO 



I/O port P1 



I/O port P2 



I/O port P3 



© 

I/O port P4 




I/O port P5 



I/O port P& 
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FUNCTIONS OF M37103M4-XXXSP 



Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


2//s (minimum instructions, at 4MHz frequency) 


Clock frequency 


4MHz 


Memory size 


ROM 


8192bytes 


RAM 


192bytes 


Input/Output ports 


PO 


I/O 


8-bitX1 (middle-voltage N-channel open drain) 


P1, P2 


I/O 


8-bitX2 


P3 


I/O 


8-bitX1 


P4 7 


I/O 


1 -bitXI 


I, B, R, G, OUT 


Output 


1-bitX5 (for CRT display) 


VSYNC. HsYNC 


Input 


1-bitX2 (for CRT display) 


P5 2 , P5 3 


I/O 


2-bitX1 (can be used as an input for either INT2 or INT1) 


P5i, P5 4 -P5 7 


I/O 


5-bitX1 (middle-voltage N-channel open drain) 


PGq, P61 


I/O 


2-bitX1 


P62-P65 


I/O 


4-bitX1 (middle-voltage N-channel open drain) 


Serial I/O 


8-bitX1 


Timers 


8-bit timerX4 


Subroutine nesting 


96levels (max ) 


Interrupt 


Two external interrupts, three internal timer interrupts 
(or timerX2, serial I/OX1, CRTX1) 


Clock generating circuit 


Two built-in circuits (externally connected ceramic or quartz crystal oscillator) 


Supply voltage 


5V±10% 


Power dissipation 


at high-speed operation 


CRT display function ON 


35mW (clock frequency X| N =4MHz, fcRj^MHz) 


CRT display function OFF 


20mW (clock frequency Xin = 4MHz) 


at low-speed operation 


CRT display function OFF 


0. 3mW (clock frequency XciN = 32kHz) 


at stop mode 


lcc == 1^A (when clock is stopped) 


Input/Output characteristics 


Input/Output voltage 


12V (PO, P5-|, P5 4 -P5 7 , P6 2 -P6 5 : input/output, RESET, CNV SS •' input) 
-0. 3 to Vcc+0. 3V (P1, P2, P3, P4 7 , P5 2 , P5 3 , P6 0 , P61) 


Output current 


0.5mA (PO, P1, P2, P3, P5, P6 2 -P6 5 : N-channel open dram input/output) 
0. 5mA, —0. 5mA (P4 7 : CMOS input/ output, 
R, G, B, I, OUT, P60-P6T : CMOS output) 


Operating temperature range 


-10 to 70°C 


Device structure 


CMOS silicon gate process 


Package 


64-pin shrink plastic molded DIP 


CRT display function 


Number of character 


21 charactersX3 lines 


Kinds of character 


96(12X16 dots) 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc. 
V ss 


Supply voltage 




Power supply inputs 5V±10% to V C c. and OV to V S s 


CNVss 


CNVss 




This is connect to V S s 


RESET 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2jus (under normal V C c 
conditions) If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time ' 




Clock input 


Input 


These are I/O pins of internal clock generating circuit for mam clock To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the X, N and X 0 ut pms and external 
condensers are connected If an external clock is used, the clock source should be connected the X| N pin 
and the X 0 ut pin should be left open 


XoUT 


Clock output 


Output 




Timing output 


Output 


This is the timing output pin In single-chip mode, the output can be controlled by selecting the option 


XciN 


Clock input for clock 
function 


Input 


This is the I/O pins of the clock generating circuit for the clock function To control generating frequency, 
an external ceramic or a quartz crystal oscillator is connected between the X C in and X C out pms and exter- 
nal condensers are connected If an external clock is used, the clock source should be connected to the 
X C in pm and the X C out pm should be left open This clock can be used as a program controlled the system 
clock 


XcOUT 


Clock output for 
clock function 


Output 


P0 0 -P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output At reset, this port is set to input mode The output structure is middle-voltage N-channel 
open dram 


P10-P17 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO It can be built in pull-up transis- 
tor at each pin by selecting the option 


P2 0 -P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port P1 


P3 0 -P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO, but the output structure is N- 
channel open dram When serial I/O is used, P3 7 , P3 6 , P3 5 , and P3 4 work as S RD y. CLK, S 0 ut. and S| N pms, 
respectively P3 3 works as an analog input for comparator and P3 2 works as a counter input 


P4 7 


I/O port P4 7 


I/O 


Port P4 7 is a 1 -bit I/O port and has basically the same functions as port PO, but the output structure is 
CMOS output 


I, B, G, R, 
OUT 


CRT output 


Output 


This is a 5-bit output pin for CRT display 

The output polarity can be changed by selecting the option At reset, inactive polarity is selected 
The output structure is CMOS output 


HsYNC 


Hsync input 


Input 


This is the horizontal synchronizing signal input for CRT display The input polarity can be changed by 
selecting the option 


VsYNC 


Vsync input 


Input 


This is the ventical synchronizing signal input for CRT display The input polarity can be changed by select- 
ing the option 


P5 2 , P5 3 


I/O port P5 


I/O 


These ports have basically the same 1 function as ports P3, and are in common with interrupt input pins 


P5i , 

P5 4 -P5 7 


These ports have basically the same function as port PO, and can be programmed to function as PWM out- 
put pins 


P60-P65 


I/O port P6 


I/O 


Port P6 is a 6-bit I/O port and has basically the same functions as port PO The output structure of P6 0 , P61 
is CMOS output and the output structure of P6 2 -P6 5 is middle-voltage N-channel open dram This port can 
be programmed to function as PWM output pins Also P6 0 is in common with timer output pin (T) 


OSC1, 
OSC2 


Clock input for CRT display 
Clock output for CRT display 


Input 
Output 


This is the I/O pins of the clock generating circuit for the CRT display function 
To control generating frequency, external condensers and resistors are connected 
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FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 

The M37103 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 

MEMORY 

• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 

• RAM 

RAM is used for data storage as well as a stack area. 



• ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 

• RAM for display 

RAM for display is used for specifing the character codes 
and colors to display. 

• Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 

• Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

• Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 





| 0000! 6 














RAM (192 bytes) 












I 00BF 16 










Not used 




Zero page 




00D0 16 


SFR area 








00FF 16 










Not used 






0200 16 


SFR area 






0209 16 








2000 16 


Not used 










RAM for display 
(213 bytes) 


20D4 16 














E000 16 


Not used 












FF00 16 








ROM(8K bytes) 








Special page for 




FFF4 16 


Interrupt vector area 




subroutine call 




FFFF 16 















Fig. 1 Memory map 
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00D0 16 


Horizontal position register 


00EE 16 


Port P6 


0OD1 16 


Vertical position register of block 1 


00EF 16 


Port P6 directional register 


00D2 16 


Vertical position register of block 2 


00F0 16 


PWM1-H register 


0OD3 16 


Vertical position register of block 3 


00F1 16 


PWM1-L register 


00D4 16 


Color register 0 


00F2 16 


PWM2 register 


00D5 16 


Color register 1 


00F3 16 


PWM3 register 


00D6 16 


Color register 2 


00F4 16 


PWM4 register 


00D7 16 


Color register 3 


00F5 16 


PWM control register 


0OD8 16 


Display control register 


00F6 16 


Serial I/O mode register 


00D9 16 


Display block counter 


00F7 16 


Serial I/O register 


00DA 16 




00F8 16 


PWM5 register 


0ODB 16 




00F9 16 


PWM output control register 


0ODC 16 




00FA 16 


Timer 1 


00DD 16 




00FB 16 


Interrupt control register 2 


00DE 16 




00FCi 6 


Timer 2 


00DF 16 




00FD 16 


Timer 3 


00E0 16 


Port PO 


00FE 16 


Interrupt control register 1 


00E1 16 


Port PO directional register 


00FF 16 


Timer control register 


00E2 16 


Port P1 


0100 16 J 






00E3 16 


Port P1 directional register 


01FF 16 






00E4 16 


Port P2 


0200 16 


PWMO register 


00E5 16 


Port P2 directional register 


0201 16 


PWM6 register 


00E6 16 




0202 16 


PWM 7 register 


00E7 16 


A-D control register 


0203! 6 


PWM 8 register 


00E8 16 


Port P3 


0204 16 


PWM9 register 


00E9 16 


Port P3 directional register 


0205 16 


PWM 10 register 


O0EA 16 


Port P4 


0206 16 


PWM output control register 


00EB 16 


Port P4 directional register 


0207 16 




00EC 16 


Port P5 


0208 16 


Timer 4 control register 


00ED 16 


Port P5 directional register 


0209 16 


Timer 4 



Fig. 2 SFR (Special Function Register) memory map 
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INTERRUPTS 

Interrupts can be caused by 8 different events consisting of 
two external, five internal, and one software event. 
Interrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op- 
eration is similar to an interrupt. 

When an interrupt is accepted, the registers are pushed, 
interrupt disable flag I is set, and the program jumps to the 
address specified in the vector table. The interrupt request 
bit is cleared automatically. The reset and BRK instruction 
interrupt can never be disabled. Other interrupts are dis- 
abled when the interrupt disable flag is set. 
Falling edge active or rising edge active can be selected 
for each of the INTi and INT 2 external interrupts selected 
by bits 4 and 5 of the PWM control register. Whether the 
INT! external interrupt or the CRT display is to be accepted 
can be selected by bit 0 of interrupt control register 2. 



Whether the timer 1 or serial I/O interrupt is to be 
accepted can be selected by bit 2 of the serial I/O mode 
register. 

All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter- 
rupt request bits and the interrupt enable bits are in inter- 
rupt control register 1 and timer control register. Figure 3 
shows the structure of the interrupt control registers 1 and 2 
and timer control register. 

Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is "1", interrupt 
request bit is "1", and the interrupt disable flag is "0". The 
interrupt request bit can be clear with a program, but not 
set. The interrupt enable bit can be set and clear with a 
program. 

Reset is treated as a non-maskable interrupt with the high- 
est priority. Figure 4 shows interrupts control 



Table 1. Interrupt vector address and priority. 



Event 


Priority 


Vector addresses 


Remarks 


RESET 


1 


FFFF 16 , FFFE 16 


Non-maskable 


I NTi or CRT display interrupt 


2 


FFFD 16 , FFFC 16 


INTt external interrupt (phase programmable) 


Timer 3 interrupt 


3 


FFFB 16 , FFFA 16 




Timer 2 interrupt 


4 


FFF9 16 , FFF8 16 




Timer 1 or serial I/O interrupt 


5 


FFF7 16 , FFF6 16 




INT 2 interrupt 

(BRK instruction interrupt) 


6 


FFF5 16 , FFF4 16 


INT 2 external interrupt (phase programmable) 

BRK instruction interrupt (non-maskable software interrupt) 
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Interrupt control register 1 
(address 00FE 16 ) 

- INT 2 interrupt enable bit 

0 *. Interrupt disable 

1 *. Interrupt enabled 

- INT 2 interrupt request bit 

0 Interrupt disable 

1 : Interrupt requested 

- Timer 1 or serial I/O interrupt enable bit 

0 : Interrupt disable 

1 ' Interrupt enabled 

- Timer 1 or serial I/O interrupt request bit 

0 : Interrupt disable 

1 Interrupt requested 

- Timer 2 interrupt enable bit 

0 : Interrupt disable 

1 : Interrupt enabled 

- Timer 2 interrupt request bit 

0 '. Interrupt disable 

1 Interrupt requested 

- INT! or CRT display interrupt enable bit 

0 : Interrupt disable 

1 *. Interrupt enabled 

- INT! or CRT display interrupt request bit 

0 '. Interrupt disable 

1 .' Interrupt requested 



| | Interrupt control register 2 
(address 00FBi 6 ) 



1 — INT, or CRT display interrupt selection bit 

0 : INTi interrupt 

1 : CRT, display interrupt 



Timer control register 
(address 00FFi 6 ) 

"Timer 3 interrupt enable bit 

0 : Interrupt disable 

1 Interrupt enabled 

- Timer 3 interrupt request bit 

0 I Interrupt disable 

1 : Interrupt requested 



Fig. 3 Structure of registers related to interrupt 



Interrupt request bit 






Interrupt enable bit 






Interrupt disable flag 1 d] J 






BRK instruction ) 


y > Interrupt request 




reset V 





Fig. 4 Interrupt control 
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TIMER 

The M37103M4-XXXSP has four timers; timer 1, timer 2 tim- 
er 3, timer 4. 

A block diagram of timer 1 through 3 is shown in Figure 5 
and a block diagram of timer 4 is shown in Figure 6. The 
count source for timer 1 through 3 can be selected by using 
bit 2, 3, 4 of the timer control register (address 00FF 16 ), as 
shown in Figure 7. Timer 1 through 3 are down count timers 
and have 8-bit latches. When a timer reaches "0" and the 
next count pulse is input to a timer, the contents of the re- 
load latch are loaded into the timer. The division ratio of the 
timer is 1/(n+1), where n is the contents of timer latch. 
Timer 1 through 3 has interrupt generating functions. The 
timer interrupt request bit which is in the interrupt control 
register 1 or timer control register (located at addresses 
00FE 16 and 00FF 16 respectively) is set at the next count 
pulse after the timer reaches "0" (see interrupt section). 
The starting and stopping of timer 2 is controlled by bit 5 of 
the timer control register 2. If the bit 5 is "0", the timer 
starts counting, and the bit 5 is "1", the timer stops. 
The count source of timer 4 can be selected by bit 0 and 
bit 1 of timer 4 control register (address 0208 16 ). When bit 
0 and bit 1 are set to [00] or (11) , timer 4 stop counting. 
The structure of timer 4 control register is shown in Figure 
8. 

Timer 4 has auto-reload register. The auto-reload register 
can be written by writing a data to timer 4 register. A data 
written to the ajuto-reload register is set to counter by set- 
ting bit 4 of timer 4 control register. And by reading a data 
from timer 4 register, the value of counter can be read. 
When timer 4 is overflow, timer 4 overflow flag is set and 
the content of auto-reload register are loaded into the 
counter. 

At a reset or stop mode, FF 16 is automatically set in timer 2 
and 07 16 in timer 3. 

After a STP instruction is executed, timer 3, timer 2, and the 
clock (0 divided by 4) are connected in series (regardless 
of the status of bit 2 through 4 of the timer control register). 
This state is canceled if timer 3 interrupt request bit is set 
to "1", or if the system is reset. Before the STP instruction 
is executed, bit 5 of the timer control register (timer 2 
count stop bit) must be set to "0". For more details on the 
STP instruction, refer to the oscillation circuit section. 
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Reset 

STP instruction 



^Timer 2 interrupt 
request bit 



^Timer 3 interrupt 
""request bit 



f\ > Timer 1 or serial I/O 
^ interrupt request bit 



TM : Timer control register 
SM Serial I/O mode register 
PM : PWM output mode register 
-*Cp«5- Select gate ' 

at reset, shaded side is connected 



Fig. 5 Block diagram of timer 1 through 3 



bit 7 



Timer 4 control register 



Xcin°~ 
P4 7 °- 



bit 0 bit 7 



Overflow flag 



bitO 



Timer 4 register 



Timer 4 (8) 



bit 7 



Timer 4 register 



bit 0 



Data bus 



Fig. 6 Block diagram of timer 4 
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7 0 

Timer control register 
I I I I I 1 I I I (Address 00FF 16 ) 

' "—Processor mode bits 

00 : Single-chip mode 

01 Microprocessor mode 

10 : Not used 

1 1 Eva-chip mode 

Timer 1 count source selection bit 

0 ' <f> divided by 4 

1 I Timer 3 overflow 

1 Timer 2 count source selection bit 

0 <f> divided by 4 

1 : Clock for the clock function (X C | N ) 

Timer 3 count source selection bit 

0 : Timer 2 overflow 

1 : P3 2 port input (Note) 

' Timer 2 count stop bit 

0 : Count start 

1 ." Count stop 

Timer 3 interrupt enable bit 

0 : Interrupt disable 

1 : Interrupt enabled 

■ Timer 3 interrupt request bit 

0 : Interrupt disable 

1 .' Interrupt requested 

Note : When the P3 2 port input is selected as the timer 3 count source, the counter is decreased at the rising edge of input signal 
Fig. 7 Structure of timer control register 



7 0 

Timer 4 control register 
• 1 ■ I | I | I | I | I | I (Address 0208 16 ) 

' ' Timer 4 count source switch bit (Note) 

00 ' Timer 4 count stop 

01 : P4 7 port input 

10 : Clock for the clock function (X C | N ) 

1 1 : Timer 4 count stop 

) 

| Input port data of X C , N (read only) 

' Timer 4 overflow flag (read only) 

Timer 4 data load bit (Set to "0" when timer 4 counts) 

Note Timer 4 is decreased at the rising edge of count source. 
Fig. 8 Structure of timer 4 control register 
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SERIAL I/O 

The block diagram of serial I/O is shown in Figure 9. In the 
serial I/O mode the receive ready signal (S RDY ), synchro- 
nous input/output clock (CLK) , and the serial I/O (S OU t, 
S| N ), pins are used as P3 7> P3 6 , P3 5 , and P3 4 , respectively. 
The serial I/O mode register (address 00F6 16 ) is an 8-bit 
register. Bit 0 and 1 of this register is used to select a syn- 



chronous clock source. When these bits are [00] or [01] , 
an external clock form P3 6 is selected. When these bits are 
[10] , the overflow signal divided by two from timer 1 be- 
comes the synchronous clock. Therefore, changing the tim- 
er period will change the transfer speed. When the bits are 
[11], the internal clock <f> divided by 4 becomes the clock. 




Internal system clock generation selection — 

0 : X| N -Xout selection (normal mode) 

1 '. Xcin-Xcout selection (low-speed mode) 



Clock (X| N -X OUT ) stop bit . 

0 : Oscillate 

1 : Stop 



rm 



P6 0 /T output function selection bit 

0 '. Sync mode (EAROM clock input signal generation) 

1 Asynchronous mode 



Output of clock port selection bit (P6 0 ) 

0 : P6 0 (Normal I/O port) 

1 :t 



Serial I/O mode register 
(Address 00F6 16 ) 

— Synchronous clock selection bits 
00 : 



01 : 



\ External clock 



10 '. Timer 1 overflow signal divided by 2 

11 Timing 4> divided by 4 



- Serial I/O port selection bit (P3 4 , P3 5 ) 

0 : Normal I/O port 

1 '. Serial I/O port 



- Sr D y signal output selection bit (P3 7 ) 

0 : Normal I/O port 

1 ' Sr D y signal output pin 



Fig. 9 Block diagram of serial I/O 
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Bits 2 and 3 decide whether parts of P3 wiil be used as a 
serial I/O or not. When bit 2 is "1", P3 6 becomes an I/O pin 
of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P3 6 . If the exter- 
nal synchronous clock is selected, the clock is input to P3 6 - 
And P3 5 will be a serial output, and P3 4 will be a serial in- 
put. To use P3 4 as a serial input, set the directional register 
bit which corresponds to P3 4 , to "0". For more information 
on the directional register, refer to the I/O pin section. 
To use the serial I/O, bit 2 needs to be set to "1", if it is "0" 
P3 6 will function as a normal I/O. Interrupts will be gener- 
ated from the serial I/O counter instead of timer 1. Bit 3 
determines if P3 7 is used as an output pin for the receive 
data ready signal (bit 3="1", S RDY ) or used as a normal I/O 
pin (bit 3="0"). 

The function of serial I/O differs depending on the clock 
source; external clock or internal clock. 
Internal Clock- The S RDY signal becomes "H" during trans- 
mission or while dummy data is stored in the serial I/O reg- 
ister. After the faling edge of write signal, the S RDY signal 



becomes low signaling that the M37103M4-XXXSP is ready 
to receive the external serial data. The S RDY signal goes 
"H" at the next falling edge of the transfer clock. The serial 
I/O counter is set to 7 when data is stored in the serial I/O 
register. At each falling edge of the transfer clock, serial 
data is output to P3 5 . During the rising edge of this clock, 
data can be input frohi P3 4 and the data in the serial I/O 
register will be shifted 1 bit. Data is output starting with the 
LSB. After the transfer clock has counted 8 times, the serial 
I/O register will be empty and the transfer clock will remain 
at a high level. At this time the interrupt request bit will be 
set. 

External Clock- If an external clock is used, the interrupt 
request bit will be set after the transfer clock has counted 8 
times but the transfer clock will not stop. Due to this 
reason, the external clock must be controlled from the out- 
side. The external clock should not exceed 250kHz at a 
duty cycle of 50%. 

Timing diagrams are shown in Figure 10, and connection 
between two M37103M4-XXXSP's are shown in Figure 11. 



Synchronous clock 



Transfer clock 



Serial I/O register write 
signal 

Serial I/O output 

Sout 

Serial I/O input 

S|N 

Receivable signal 

Srdy 



"LTlJTJTJnJTJTJTriJ^ 
UTJTJTLTlJnJTJll 

n 




T_r 



Interrupt request bit set 



Fig. 10 Serial I/O timing 



Transmission side 



Serial I/O mode register 
bit 3 bitO 



Set the directional 
register for P3 7 pin 
in input mode 



P3 6 



P3 5 



Synchronous clock 



P3 7 



P3 4 



Reception side 



Serial I/O mode register 



bit 3 



1 


1 


0 


X 



Set the directional 
register for P3 4 pin 
in input mode 



Fig. 11 Example fo serial I/O connection 
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PWM OUTPUT CIRCUIT 

(1) Introduction 

The M37103M4-XXXSP is equipped with one 14-bit 
PWM, four 8-bit PWMs and six 6-bit PWMs. The 14-bit 
resolution gives PWM1 the minimum resolution bit width 
of 500ns (for X| N = 4MHz) and a repeat period of 8192 
jus. PWM7, PWM8, PWM9, PWM 10 have a 8-bit resolu- 
tion with minimum resolution bit width of 16/is and re- 
peat period of 4096^s. PWMO, PWM2, PWM3, PWM4, 
PWM5, PWM6 have a 6-bit resolution with minimum re- 
solution bit width of 16^s and repeat period of 1024^ s. 
Accuracy and operation range is certified of PWM are 
V C c == 4.5 to 5.5V regardless of input frequency. 
Block diagram of the PWM is shown in Figures 12 and 
13. 

The PWM timing generator section applies individual 
control signals to PWM 0-10, using clock input X, N di- 
vided by 2 or X C | N divided by 2 as a reference signal. 

(2) Data setting 

The output pins PWM0-PWM5 are in common with pins 
P60-P65 of port P6 and PWM6-PWM10 are in common 
with pins P5T-P57 of port P5 (i.e. for PWM output, PWM 
output selection bits and the,P5, P6 directional register 
05^057, D60-D65 should be set). When PWM1 is used 
for output, first set the higher 8-bit of the PWM1-H reg- 
ister (address 00F0 16 ) , then the lower 6-bit of the 
PWM1-L register (address 00F1 16 ) . When either 
PWMO and PWM2-10 is used for output, set the 8-bit in 
the PWMO and PWM2-10 register, respectively. Note 
that the higher 2 bits of these 8-bit registers are 
ignored when used 6-bit register. 

(3) Transferring data from registers to latches 

The data written to the 6-bit or 8-bit PWM register is 
transferred to the PWM latch in each 6-bit PWM cycle 
period. For 14-bit PWM, the data is transferred in the 
next upper 8-bit period after the write. The signals out- 
put to the PWM pins correspond to the contents of 
these latches. When data at addresses 00F0 16 to 
00F4 16 , 00F8 16 , 0200 16 to 0205 16 is read, data in these 
latches has already been read allowing the data output 
by the PWM to be confirmed. When the 6-bit latch is 
being read, the upper 2 bits of the register becomes 
undefined, However, bit 7 of the PWM1-L register indi- 
cated the completion of the data transfer from the 
PWM1 register to the PWM1 latch, if bit 7 is "0", the 
transfer has been completed, if bit 7 is "1", the transfer 
has not yet begun. 

(4) Operation of the 6-bit PWMs 

The timing diagram of the two 6-bit PWMs (PWMO and 
PWM2-6) is shown in Figure 14. One period (T) is 
composed of 64 (2 6 ) segments. 



There are six different pulse types configured from bits 
0 to 5 representing the significance of each bit. These 
are output within one period in the circuit internal sec- 
tion. Refer to Figure 14 (a); 

Six different pulses can be output from the PWM. 
These can be selected by bits 0 through 5. Depending 
on the content of the 6-bit PWM latch, pulses from. 5 to 
0 is selected. The PWM output is the difference of the 
sum of each of these pulses. Several examples are 
shown in Figure 14 (b). Changes in the contents of the 
PWM latch allows the selection of 64 lengths of high- 
level area outputs varying from 0/64 to 63/64. An 
length of entirely high-level output cannot be output, 
i.e. 64/64. 

(5) 8-bit PWM operation 

8-bit PWM operation is the same as 6-bit PWM opera- 
tion except that one period (T) is composed of 256 
(2 8 ) segments. 

(6) 14-bit PWM operation 

The timing diagram of the 14-bit PWM1 is shown in Fi- 
gure 15. The 14-bit PWM divides the data within the 
PWM latch into the lower 6 bits and higher 8 bits. 
A high-level area within a length N times r is output 
every short area of t=256 r =128/^s as determined by 
data N of the higher 8 bits. (Refer to PWM output © in 
the lower part of Figure 15.) 

Thus, the time for the high-level area is equal to the 
time set by the lower 8 bits or that plus r . As a result, 
the short-area period t ( = 128^8, approx. 7.8kHz) be- 
comes an approximately repetitive period. 

(7) Output after reset 

At reset the output of port P5, P6 is in the high impe- 
dance state and the contents of the PWM register and 
latch are undefined. Note that after setting the PWM 
register, its data is transferred to the latch. 



Table 2. Relation between the 6 lower-order bits 

of data and the space set by the ADD bit 



6 lower-order bits of data 


Area longer by t than that of other t m (m = 0 to 63) 


0000 o L o 


Nothing 


0 0 0 0 0 1 


m=32 


0 0 0 0 1 0 


m=16, 48 


0 0 0 1 0 0 


m= 8,24, 40,56 


0 0 1 0 0 0 


m= 4,12, 20, 28, 36, 44, 52, 60 


0 1 0 0 0 0 


m = 2 , 6 , 1 0, 1 4, 1 8, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62 


1 0 0 0 0 0 


m= 1 , 3, 5, 7,- 57,59,61,63 
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PWM1-L register 
(address 00F1 16 ) 



PWM1-H register 
(address 00F0 16 ) 



n 



bit 7 
MSB 



□ LXE 

bit A bit 5 



ZD 



PWM1 latch (14-bit) 



M i ll ii i i n 



J 



LSB 



Selection gate : connected to black 
colored side when 



Pass gate reset 



14-bit PWM circuit 



X, N 
(4MHz) 



Timing generator 
for PWM 



P6 A D6! 

Q Q 




(2MHz) pMo 



(1024 us period) 



PM 1 



P6 2 D6 2 

Q O 



J 

O P^/PWMI 

1 



6-bit PWM circuit 



MSB 
bit 5 



n 



PWM 2 latch 
(6-bit) 



JJJ 

PWM2 register 
"^(address 00F2 16 ) 



6-bit PWM circuit 



MSB 
bit 5 



PWM4 latch 
(6-bit) 

m 



6-bit PWM circuit 



MSB 



n 



PWM3 latch 
(6-bit) 



r -Q P6 2 /PWM2 

^1 



P6 3 D6 3 

O O 



bit 5 



LSB 
bitO 



I I I I I I 



PWM3 register 
(address 00F3 16 ) 



P6 4 D6 4 

Q Q 



6-bit PWM circuit 



MSB 



n 



PM 7 



j— O P6 4 /PWM4 

^1 



PWM5 latch 
(6-bit) 



n 



P6 5 D6 5 

Q Q 



bit 0 



PWM4 register 
(address 00F4 16 ) 



LSB 
bitO 



,_rOP6 5 /PWM5 



^ PWM5 register 
J (address 00F8 16 ) 



Data bus 



PM : PWM control register 
PN : PWM output control register 
D6 .' Port P6 directional register 
P6 : Port P6 register 



Fig. 12 Block diagram of the PWM cirucit (1) 
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P6 0 T D6 0 



* 6-bit PWM circuit 



MSB 
bit 5 



PWM latch 
(6-bit) 



LSB 



bitO 



PWMO register 
(address 0200i 6 ) 



6-bit PWM circuit 



MSB 



PWM6 latch 
(6-bit) 



(4MHz) 



PM 0 



LSB 
bitO 



PWM 6 register 
(address 0201 16 ) 



(1024/u period) 



Timing generator for PWM 



8-bit PWM circuit 



MSB 
bit 7 



PWM 7 latch 
(8-bit) 



LSB 



bit 0 



' PWM7 register 
(address 0202 16 ) 



8-bit PWM circuit 



MSB 
bit 7 



PWM 9 latch 
(8-bit) 



LSB 



(4096^ period) 



8-bit PWM circuit 



MSB 



PWM 8 latch 
(8-bit) 



LSB 
bitO 



PWM8 register 
j (address 0203 16 ) 



8-bit PWM circuit 



PWM 10 latch 
(8-bit) 



bitO 



bit 7 



LSB 
bitO 



1 tonJ 

^ ^ qJ^ P6 o /PWM0 



PQ 6 
P5! D5i 

Q 0 



^ ^ ^ Q— '5 P5i/PWM6 



PQ, 

P5 4 D5 4 

0 9 



PQ 2 
P5 5 D5 5 

O Q 



PQ 3 
P5 6 D5 6 

9 0 



°j ^ Q-J^ P5 5 /PWM8 



PQ4 
P5 7 D5 7 

9 0 



^ ^ r>J ^ P5 e/PWM9 



1 ^ ^ Q-lb) PVPWMIO 



PWM 9 register 
(address 0204 16 ) 



J 



PWM 10 register 
(address 0205 16 ) 



Data bus 



-*^y+ Selection 9 ate • connected to black colored 
side when reset 

■ Pass gate 



PQ 5 

PM : PWM control register 

PN : PWM output control register 

D6 : Port P6 directional register 

D5 : Port P5 directional register 

P6 : Port P6 register 

P5 : Port P5 register 

PQ : PWM output mode register 3 

SM : Serial I/O mode register 



Fig. 13 Block diagram of the PWM circuit (2) 
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Bit 5 
Bit 4 
Bit 3 
Bit 2 
Bit 1 
BitO 



0 1 2 3 4 5 6 7 8 12 16 20 24 28 32 36 40 44 48 52 56 60 63 

innjiruuuuinnjmrui^ 



Contents 
of the latch 



When 00 1£ 



When 01 1( 



When18 16 

(24) 

When 28 16 
(40) 

When3B 16 

(59) 

When3F 16 " 

(63) 



Jl 



Jl 



Jl 



Jl 



Jl 



Jl 



Jl 



Jl 



Jl 



Jl 



Jl 



Jl 



Jl 



Jl 



(a) Pulses showing the weight of each bit 



Jl 



__ruin_JiJirLJiiin_Ji^ 
'jLrwiriJifir~Lnjirij^ 



J 


u 


u 


U 


U I 


J 




T = 64t 







When output is lower 6 bits of PWM1 t = 128/^s 1 T = 8192^s 
When output is PWMO, PWM2-6 t = 16^s T = 1024/^s 

When f(X IN )=4MHz 

(b) Example of 6-bit PWM output 



Fig. 14 6-bit PWM timing diagram 
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Data in address 00F0 16 is #6A 16 



PWM1-H 

register 

PWM1-L 

register 



Data in address 00F0 16 is ff 7B 16 



PWM1 latch 

(14-bit) 



59 16 6A 16 ^ 


7B 16 


Data in address OOF 


lie is #£4 16 Bit 7 re set after transfer 


Data is address 00F1 16 is #35 16 


13ie ^ 


1 — : C 


| 35 16 




Register to latch transfer BS^-^ 


Register to latch transfer 


1653 16 


Sfc 1AA4 16 


1AA4 16 1AA4 16 


* 1EF5 16 




^ — When bit 7 of PWM1 -L is "0" register 
T - 81 92^ s _ l t0 )atch transfer wi || not occ 



t= 128/^s 



(Example 1) 6A 
PWM1 output 

(D 

lower 6 bits 

outputj 5 

(When H 6A 16l 
L: 24 



6B 6A 6B 6A 6B 6A 6B 6A 6B 



(Example 2) g A 
PWM1 output 



lower 6 bits 

output 

(When H:6A 16l 
L:18 16 ) 



6B 



'JTUTLJTLFLn 

6B 16 (32+4) times 6A 16 

(107) (106) 



6B 6A 6B 6A 6B 6A 6B 6A 



6B 6A 6B 6A 6B 6A 



Lflrjtut 



mririnjuinr 

~LR_RJ~J~L 



106X64+36 



6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 



J7U7U71 T7 



6B 16 (16+8) times 6A 16 40times 



6A 6B 6A 6B 6A 6B 



TLfTL 



iiruiruuiniL 

JTLRJTl 



► 106X64+24 



6B 6A 



6A 6A 



Minimum bit resolution width 



PWM1 output 

(D 



Err 



ADD 



l-bit counter I 02 I Q] | 00 



High/low-level of the ADD 
section is determined by 
the data contained in 
the lower 6 bit. 



r -0.5ms 



t= 128a/ a > " 
(256X0. 5ms) 



\ 02 



foil 



ADD 



FF i FEi FDiFC,! > 97 J 96 I 95 1 

I I I I II 



I I I 
i 02 ' 01 ' 00 
I I l 



High-level area output, the length 

of which is specified PWM-H 



6A | 69 j 68 j 67 | - j 02 j 01 1_ 



li l t 
FF i FE 1 FD 1 FC 1 
I I I I 



256 r (128/£S) standard 



Fig. 15 14-bit PWM timing diagram 
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IJ PWM control register 
| (Address 00F5 16 ) 



PWM1, PWM2, PWM 3 count source 
selection bit 

0 : Supply 

1 : Stop 

- P6!/PWM1 output selection bit 

0 : Parallel port 

1 : PWM1 output 

- P6 2 /PWM2 output selection bit 

0 : Parallel port 

1 : PWM 2 output 

- P6 3 /PWM3 output selection bit 

0 : Parallel port 

1 : PWM3 output 

- INTi input reverse bit 

0 : INT (leading-edge interrupt request) 

1 : INT (trailmg-edge interrupt request) 

- INT 2 input reverse bit 

0 .'INT (leading-edge interrupt request) 

1 : INT (trailing-edge interrupt request) 

- P60/T! output selection decision bit 
(reading only) 

0 : Parallel port 

1 : Output is 1/2 that of timer 1 

- P6 4 /PWM4 output selection bit 

0 Parallel port 

1 : PWM4 output 



7 



L 



PWM output mode register 
(Address 0209 16 ) 
This bit must be set to "1" 

- P5i/P\NM6 output selection bit 

0 : Parallel port 

1 : PWM 6 output 

- P5 4 /PWM7 output selection bit 

0 : Parallel port 

1 : PWM7 output 

- P5 5 /PWM8 output selection bit 

0 : Parallel port 

1 : PWM8 output 

- P5 6 /PWM9 output selection bit 

0 : Parallel port 

1 : PWM9 output 

- P5 7 /PWM10 output selection bit 

0 : Parallel port 

1 : PWM 10 output 

- P6 0 /PWM0/T output selection bit 

0 '. Parallel port or timer 2 divided by 2 

1 : PWMO output 



] PWM output control register 
(Address 00F9 16 ) 



L 



PWM1 output polarity selection bit 
PWM2 output polarity selection bit 
PWM3 output polarity selection bit 
PWM4 output polarity selection bit 
PWM5 output polarity selection bit 

0 : Positive 

1 : Negative 
P6 5 /PWM5 output selection bit 

0 : Parallel port 

1 : PWM 5 output 



Fig. 16 Structure of registers related to PWM 
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PORT P6 0 / TIMER 1 OUTPUT 

Bit 0 of port P6 outputs 1/2 the frequency of timer 1 when 
bit 6 of the PWM output mode register is set to "0" and bit 
4 (SM 4 ) of the serial I/O mode register (address 00F6 16 ) is 
set to "1". The output switching can be accomplished with 
either of two procedures, synchronous mode or asynchro- 
nous mode, depending on the setting of bit 5 (SM 5 ) of the 
serial I/O mode register. 

When SM 5 is set to "0" the synchronous mode is set. In 
such a case, after SM 4 has been changed, synchronization 
is set to the 1/2 frequency of timer 1 and switching be- 
tween the port latch and timer takes place. It is possible to 
ascertain whether switching actually occurred by reading 



the value of bit 6 of the PWM control register. 
From the time that the contents of SM 4 was changed to the 
point where switching completes, the contents of neither 
SM 4 nor P6 0 may be changed. Use of the synchronous 
mode prevents the generation of a pulse shorter than the 
timer output during swiching. Figure 17 (a) gives an exam- 
ple of timing in the synchronous mode. Use of the synchro- 
nous mode allows generation of an EAROM clock input sig- 
nal through the use of a simple program. 
When SM 5 is set to "1", the asynchronous mode is set. In 
this case, the output switching occurs directly after SM 4 has 
been changed. Figure 17 (b) gives an example of timing in 
the asynchronous mode. 



R/W 



SM 4 



1 /2 of T1 




Latch output 



P6 0 latch 



P6 0 /T output 



SM 4 



1 /2 of T1 



Latch output 



P6 0 latch 



P6 0 /T output 



I (Note 1) 



Timer output 



( a ) Synchronous mode (SM 5 =0) 



Timer output 



(b) Asynchronous mode (SM 5 =1 ) 



Note 1 : Output switching occurs at the trailing edge of timer 1 divided signal when the value of the P6 0 latch is "0" 
and at the leading edge of timer 1 divided signal when the value of the P6 0 latch is "1" 



FSg. 17 P6 0 /T switching timing diagram 
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COMPARATOR CIRCUIT 

The comparator circuit is shown in Figure 18. The compara- 
tor circuit consists of the switch tree, ladder resistor, com- 
parator, comparator control circuit, A-D control register 
(address 00E7 16 ), and analog signal input pin (P3 3 /A-D). 
The analog input pin is common with the digital input/out- 
put terminal to the data bus. 

The 5-bit A-D control register can generate 1/16V C c-step 
internal analog voltage, based on the settings of bits 0 to 3. 
Table 3 gives the relation between the descriptions of A-D 
control register bits 0 to 3 and the generated internal ana- 
log voltage. The comparator result of the analog input vol- 
tage and the internal analog voltage is stored in the A-D 
control register, bit 4. 

The data is compared by setting the directional register 
corresponding to port P3 3 to "0" (port P3 3 enters the input 
mode), to allow port P3 3 /A-D to be used as the analog in- 
put pin. The digital value corresponding to the internal ana- 
log voltage to be compared is then written in the A-D con- 
trol register (address 00E7 16 ), bits 0 to 3. The voltage com- 
parision starts as soon as the writing is completed. 4-cycle 
(required for comparating) later, the result of comparision 
is stored in the A-D control register, bit 4 Bit 4 is "1" when 
analog input voltage > internal analog voltage and "0" 
when analog input voltage < internal analog voltage. 
When voltage is compared to by setting bits 0 to 3 of the 
comparator register "0", bit 4 of the A-D control register be- 
comes "1" regardless of the analog input voltage. 



Table 3. Relationship between the contents of 

A-D control register and internal voltage 



A-D control register 


Internal analog voltage 


bit 3 


bit 2 


bit 1 


bit 0 


o 


o 


o 




1 /1 6V,-.~— 1 /32V^ 


o 


o 


1 


o 


2/1 6V CC — 1 /32V C c 


0 


0 


1 


1 


3/16Vcc— 1/32V CC 


0 


1 


0 


0 


4/16Vcc-1/32V cc 


0 


1 


0 


1 


5/16Vcc-1/32V cc 


0 


1 


1 


0 


6/16Vcc-1/32V C c 


0 


1 


1 


1 


7/16V C c-1/32V cc 




0 


0 


0 


8/16Vcc-1/32V cc 




0 


0 


1 


9/16Vcc-1/32V cc 




0 


1 


0 


10/16Vcc-1/32V cc 




0 


1 


1 


11/16Vcc-1/32V C c 




1 


0 


0 


12/16V CC -1/32V CC 




1 


0 


1 


1 3/1 6V CC - 1/32 Vcc 




1 


1 


0 


14/16V cc -1/32Vcc 




1 


1 


1 


15/16Vcc-1/32V cc 



Data bus 



(Address 00E8 16 ) 



Comparator control 
circuit 



o 



Analog input 
voltage 




Output of 

comparator 

result 



A-D control register 
(Address 00E7 16 ) 



Bit 4 


Bit 3 


Bit 2 


Bit 1 


BitO 



Internal analog voltage 



Switch tree 



Ladder resistor 



6 



O 

Vcc 



Fig. 18 Comparator Circuit 
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CRT DISPLAY FUNCTIONS 

(1) Outline of CRT Display functions 

Table 4 outlines the CRT display functions. The M37103M4- 
XXXSP incorporates a 21 columns X 3 lines CRT display 
control circuit. CRT display is controlled by the CRT display 
control register. Up to 96 kinds of characters can be dis- 
played, and colors can be specified for each character. 
Four colors can be displayed on one screen. A combination 
of up to 15 colors can be obtained by using each output 
signal (R, G, B, and I). 

Characters are displayed in a 12X16 dot configuration to 
obtain smooth character patterns. (See Figure 19) 
The following shows the procedure how to display charac- 
ters on the CRT screen. 

© Set the character to be displayed in display RAM. 

© Set the display color by using the color register. 

3) Specify the color register in which the display color is 
set by using the display RAM. 

® Specify the vertical position and character size by us- 
ing the vertical position register. 

© Specify the horizontal position by using the horizontal 
position register. 

© Write the display enable bit to the designated block 
display flag of the CRT control register. When this is 
done, the CRT starts operation according to the input 
of the 

Vsync signal. 




16 dots 



The CRT display circuit has an extended display mode. 
This mode allows multiple lines (more than 3 lines) to be 
displayed on the screen by interrupting the display each 
time one line is displayed and rewriting data in the block 
for which display is terminated by software. 
Figure 21 shows a block diagram of the CRT display control 
circuit. Figure 20 shows the structure of the CRT display 
control register. 

Table 4 . Outline of CRT display functions 



Parameter 


Functions 


Number of display character 


21charactersX 3 lines 


Character configuration 


12X16 dots (See Figure 19) 


Kinds of character 


96 


Character size 


4 size selectable 


Color 


Kinds of color 


15(max ) 


Coloring unit 


a character 


Display expansion 


Possible (multiple lines) 



I 



Note 1 



CRT control register 
(address 00EA 16 ) 

Display of all blocks control bit (Note 1 ) 

0 : Display of all blocks off 

1 : Display of all blocks on 

- Display of block 1 control bit 

0 : Display of block 1 off 

1 ' Display of block 1 on 

- Display of block 2 control bit 

0 : Display of block 2 off 

1 ". Display of block 2 on 

- Display of block 3 control bit 

0 Display of block 3 off 

1 Display of block 3 on 

- Block 1 color select mode switch bit 

0 : Normal mode 

1 : Half character width color select mode 

- Multiple lines display interrupt enable bit 

(Note 2) 

0 Interrupt is disabled 

1 : Interrupt request occurs 

at every line display 

- Scanning line double count mode bit 

0 : Normal mode (256 lines) 

1 •' Double count mode 



Display of all blocks control bit indicates the logical 
sum (AND) of each block display control bit. 
The multiple lines display interrupt request occurs 
only when CPU is operating at the internal clock fre- 
quency when f(X, N )=4MHz 



Fig. 19 CRT display character configuration 



Fig. 20 Structure of CRT control register 
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OSC1 OSC2 



Data bus 



(Address 00D8 16 ) 



CRT control register 



(Addresses 00D1 16 to 00D3 16 ) 



Character 




size 


Vertical position regiser 


register 





(Address 0QD0 16 ) 



Horizontal position register 



RAM for display 
9-bitX21X3 



(Addresses 00D4 16 to 00D7 16 ) 



Color register 



HsYNC V SY NC 

0 0 



Clock generating 
circuit 



W V 



Display position control circuit 



ROM for display 
12-bitX16X96 



Shift register 
12-bit 



Output circuit 



R G B I OUT 



Display 
control 
circuit 



Fig. 21 Block diagram of CRT display control circuit 
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(2) Display Position 

The display positions of characters are specified in units 
called a "block." There are three blocks, block 1 to block 3. 
Up to 21 characters can be displayed in one block. (See 
(4) Display Memory.) 

The display position of each block in both horizontal and 
vertical directions can be set by software. 
The horizontal direction is common to all blocks, and is 
selected from 64-step display positions in units of 4Tc 
(Tc= oscillation cycle for display). 

The display position in the vertical direction is selected 
from 64-step display positions for each block in units of four 
scanning lines. 

If the display start position of a block overlaps with some 
other block ((b) in Figure 24), a block of the smaller block 
No. (1 to 3) is displayed. 

If when one block is displaying, some other block is dis- 
played at the same display position ((c) in Figure 24), the 
former block is overridden and the latter is displayed. 
The vertical position can be specified from 64-step posi- 
tions (four scanning lines per step) for each block by set- 
ting values 00 16 to 3F 16 to bits 0 to 5 in the vertical position 
register (addresses 00D1 16 to 00D3 16 ) . Figure 22 shows 
the structure of the vertical position register. 



7 0 

| | | | | | |~| Vertical position register 
" I I I I I I (Address 00D1 16 to 00D3 16 ) 



The horizontal direction is common to all blocks, and can 
be specified from 64-step display positions (4Tc per step 
(Tc= oscillation cycle for display) by setting values 00 16 to 
3F 16 to bits 0 to 5 in the horizontal position register 
(address 00D0 16 ). 

Figure 23 shows the structure of the horizontal position reg- 
ister. 



7 0 
| | | | | | ~j | Horizontal position register 

(Address 00D0 16 ) 

' — I — ' — i — I — ' The horizontal display start position 

64-step positions (00 16 to 3F 16 ) 

' Horizontal border function 

of OUT output selection bit 

0 The same as R, G, B is output 

1 : Border is output 

1 Border output switch bit 

0 '. Border including character 

1 : Border only 



Fig. 23 Structure of horizontal position register 



The vertical display start position 
64-step positions (00 16 to 3F 16 ) 



Character size bits 

00 : Small size 

01 : Medium size 

10 : Large size 

1 1 : Extra large size 



Fig. 22 Structure of vertical position registers 
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(HR) 



CVt 



Block 1 



CV 2 



Block 3 



(a) Example when each block is separated 



(HR) 



CVt 



CV 3 



Block 1 



4--4 



Block 3 



(b) Example when the display start position of a block overlaps with some other block 



(HR) 



CVS 



cv 3 



Block 1 



Block 2 



x_-4 



Block 3 



Block V 



(c) Example when one block is displaying some other block is superimposed 



Fig. 24 Display position 
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(3) Character Size 

The size of characters to be displayed can be selected 
from four sizes for each block. Use the bit 6 and 7 of vertic- 
al position register to set a character size. 
The character size can be selected from four sizes: small 
size, medium size, large size, and extra large size. Each 
character size is determined by the number of scanning 
lines in the height (vertical) direction and the cycle of dis- 



play oscillation (=Tc) in the width (horizontal) direction. 
The small size consists of Cone scanning line] X [1 Tc] ; the 
medium size consists of [two scanning lines] X [2 Tc] ; the 
large size consists of [three scanning lines] X [3 Tc] ; and 
the extra large size consists of [four scanning lines] X 
[4 Tc] . Table 5 shows the relationship between the set 
values in the character size register and the character 
sizes. 



Table 5 . The relationship between the set values of the character size bits and the character sizes. 



Set values of the character size bits 


Character 
size 


Width (horizontal) direction 


Height (vertical) direction 


Bit7 


Bit6 


0 


0 


Small 


1 T c 


1 


0 


1 


Medium 


2 T c 


2 


1 


0 


Large 


3 T c 


3 


1 


1 


Extra large 


4 T c 


4 



Note I The display start position in the horizontal direction is not affected by the chacacter size In other words, the horizontal start position is common to 
all blocks even when the character size varies with each block (See Figure 25) 



Small 



Medium 



Large 



Extra large 



<— Display start position 



Fig. 25 Display start position of each character size (horizontal direction) 
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(4) RAM for display 

RAM for display is allocated at addresses 2000 16 to 20D4 16 , 
and is divided into a display character code specifying part 
and display color specifying part for each block Table 6 
shows the contents of the CRT display RAM. 
When a character is to be display at the first character 
(leftmost) position in block 1, for example, it is necessary 
to write the character code to the seven low-order bits 
(bits 0 to 6) in address 2000 16 and the color register No. to 
the two low-order bits (bits 0 and 1 ) in address 2080 16 . The 
color register No. to be written here is one of the four color 
registers in which the color to be displayed is set in adv- 
ance. For details on color registers, refer to (5) Color Reg- 
isters. 

The structure of the CRT display RAM is shown in Figure 
26. 



Table 6 . The contents of the CRT display RAM 



Block 


Display position (from left) 


Character code specification 


Color specification 




1 st Column 


2000! 6 


2080i6 




2 nd Column 


2001! 6 


2081 16 




3 rd Column 


2002 16 


2082 16 


Block 1 










19th Column 


201 2 16 


2092 16 




20th Column 


201 3 16 


2093 16 




21th Column 


201 4 16 


2094 16 




201 5 16 


2095 16 


Not used 


to 


to 




201 F 16 


209F 16 




1 st Column 


2020 16 


20A0i 6 




2 nd Column 


2021 18 


20A1 16 




3 rd Column 


2022 16 


20A2 16 


Block 2 










19th Column 


2032 16 


20B2 16 




20th Column 


2033! 6 


20B3 16 




21th Column 


2034 16 


20B4 16 




2035 16 


20B5 16 


Not used 


to 


to 




203Fi 6 


20BF 16 




1 st Column 


2040i 6 


20C0 16 




2 nd Column 


2041 16 


20C1 16 




3 rd Column 


2042 16 


20C2 16 


Block 3 










19th Column 


2052 16 


20D2 16 




20th Column 


2053 16 


20D3 16 




21th Column 


2054 16 


20D4 16 




2055! 6 




Not used 


to 






207Fi 6 
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Block 1 

[Character specification) 

1st column : 2000 16 
to 

21th column : 2014 16 



[Color specification) 

1st column 2080 16 
to 

21th column : 2094 16 



Block 2, 3 

[Character specification) 



1st column : 2020 16 
to 

21th column : 2034 16 



- Character code 

Specify 96 characters at 00 16 to 5F 16 



- Former half color register specification in the normal mode 
or in the half character width color select mode 

00 : Color register 0 specification 

01 : Color register 1 specification 

10 '. Color register 2 specification 

11 '. Color register 3 specification 

- Latter half color register specification 

in the half character width color select mode 

00 : Color register 0 specification 

01 Color register 1 specification 

10 ! Color register 2 specification 

1 1 '. Color register 3 specification 



I I l I I TT 



- Character code 

Specify 96 characters at 00! 6 to 5 Ft 6 



(Address 2040 16 to 2054 16 in the case of block 3) 



[Color specification) 

1st column : 20A0 16 , 1 , 0 

Q_ 

21th column : 20B4 16 I 



(Address 20C0 16 to 20D4 16 in the case of block 3) 



- Color register specification 

00 '. Color register 0 specification 

01 Color register 1 specification 

10 : Color register 2 specification 

1 1 : Color register 3 specification 



Fig. 26 Structure of the CRT display RAM 
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(5) Color Registers 

The color of a displayed character can be specified by set- 
ting the color to one of the four color registers (CO0-CO3: 
addresses 00D4 16 to 00D7 16 ) and then specifying that color 
register with the CRT display RAM. 

There are four color outputs: R, G, B, and I. By using a 
combination of these outputs, it is possible to set 2 4 -1 
(when no output) = 15 colors. However, because only four 
color registers are available, up to four colors can be dis- 
played at one time. 

R, G, B, and I outputs are set by using bits 0 to 3 in the col- 
or register. Bit 4 in the color register is used to set a char- 
acter or blank output; bit 5 is used to specify whether a 
character output or blank output. Figure 27 shows the struc- 
ture of the color register. 

(6) Half Character Width Color Select Mode 

By setting "1" to bit 4 in the CRT control register (address 
00D8 16 ) it is possible to specify colors in units of a half 
character size (vertical 16 dots X horizontal 6 dots) for char- 
acters in block 1 only. 

In the half character width color select mode, colors of dis- 
play characters in block 1 are specified as follows: 
© The left half of the character is set to the color of the 
color register that is specified by bits 0 and 1 at the 
color register specifying addresses in the CRT display 
RAM (addresses 2080 16 to 2094 16 ). 
© The right half of the character is set to the color of the 
color register that is specified by bits 2 and 3 at the 
color register specifying address in the CRT display 
RAM (addresses 2080 16 to 2094 16 ). 



Color of the color register specified by 
bit 0 and bit 1 of address 2080! 6 


Color of the color register specified by 
bit 0 and bit 1 of address 2081 16 


Block 1 


(a) Display in the normal mode 


i 

i 

Color of the color register I Color of the color register 
i 

specified by bit 0 and bit 1 i specified by bit 2 and bit 3 
i 

of address 2080 16 \ of address 2080 16 
I 
i 


Color of the color register I Color of the color register 
specified by bit 0 and bit 1 | specified by bit 2 and bit 3 
of address 208^ 6 • of address 2081 16 


Block 1 



(b) Display in the half character width color select mode 



Fig. 28 Difference between normal color select mode and half character width color select mode 



7 0 
I I I I I I I j Color register (Address 00D4 16 to 00D7 16 ) 

^ I pin output bit 

0 : No character is output 

1 : Character is output 

' B pin output bit 

0 .' No character is output 

1 : Character is output 

' G pin output bit 

0 : No character is output 

1 : Character is output 

' R pin output bit 

0 : No character is output 

1 Character is output 

' OUT pin output bit (Note) 

0 : No character or blank is output 

1 : Character or blank is output 

' OUT pin output control bit (Note) 

0 : OUT pin outputs character 

1 : OUT pin outputs blank 

Note : When the character outlining function is used, the 
contents of these two bits (bits 4 and 5) are nullified, 
and the OUT pin output becomes an border output 



Fig. 27 Structure of color registers 
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(7) Multiline Display 

The M37103M4-XXXSP can normally display three lines on 
the CRT screen by displaying three blocks at different ver- 
tical positions. 

In addition, it allows up to 16 lines to be displayed by using 
a CRT interrupt and display block counter. 
The CRT interrupt works in such a way that when display of 
one block is terminated, an interrupt request is generated. 
In other words, character display for a certain block is initi- 
ated when the scanning line reaches the display position 
for that block (specified with vertical and horizontal position 
registers) and when the range of that block is exceeded, 
an interrupt is applied. 

The display block counter is used to count the number of 
blocks that have just been displayed. Each time the display 
of one block is terminated, the contents of the counter are 
incremented by one. 

For multiline display, it is necessary to enable the CRT in- 
terrupt (by clearing the interrupt disable flag to "0" and set- 
ting the CRT interrupt enable bit=bit 6 at address 00FE 16 ) 
to "1"), then execute the following processing in the CRT 
interrupt handling routine. 



Count value Interrupt position 



Block 1 



Block 3 



Block V 




Fig. 30 Timing of CRT interrupt and count value of display block counter 



© Read the value of the display block counter. 

© The block for which display is terminated (i.e., the 

cause of CRT interrupt generation) can be determined 

by the value read in ©. 
(D Replace the display character data and display position 

of that block with the character data (contents of CRT 

display RAM) and vertical display position (contents of 

vertical position register) to be displayed next. 

Figure 29 shows the structure of the display block 

counter. 



7 0 

1 I I I I I I I Display block counter 

1 1 1 ' (address 00D9 16 ) 

1 ' ' Indicates number of blocks 

that are being displayed or 
were displayed 



Fig. 29 Structure of display block counter 
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(8) Scanning Line Double Count Mode 

One dot in a displayed character is normally shown by one 
scanning line. In the scanning line double count mode, one 
dot can be shown by two scanning lines. As a result, the 
displayed dot is extended two times the normal size in the 
vertical direction only. (That is to say, the height of a char- 
acter is extended twofold.) 

In addition, because the scanning line count is doubled, the 
display start position of a character is also extended two- 
fold in the vertical direction. In other words, whereas the 
contents set in the vertical position register in the normal 
mode are 64 steps from 00 16 to 3F 16 , or four scanning lines 
per step, the number of steps in the scanning line double 
count mode is 32 from 00 16 to 1F 16) or eight scanning lines 
per step. 



If the contents of the vertical position register' for a block 
are set in the address range of 20 16 to 3F 16 in the scanning 
line double count mode, that block cannot be displayed 
(not output to the CRT screen). 

In the scanning line double count mode can be specified 
by setting bit 6 in the CRT control register (address 
00D8 16 ) to "1". 

Because this function works in units of screen, even when 
the mode is changed the mode about the scanning line 
count during display of one screen, the double count mode 
only becomes valid from the time the next screen is dis- 
played. 



Vertical position A 



Scanning line 16 lines 



AX2 



Vertical position AX2 



Scanning line 32 lines 



(a) Display in the normal mode 



(b) Display in the scanning line double count mode 



Fig. 31 Display in the normal mode and in the scanning line double count mode 
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(9) Horizontal Character Border Function 

An border of a one clock (one dot) equivalent size can be 
added to a character to be displayed only horizontal direc- 
tion. 

The border is output from the OUT pin. In this case, bits 4 
and 5 in the color register (contents output from the OUT 
pin) are nullified, and the border is output from the OUT 
pin instead. 

Border can be specified in units of block by using the bits 
6 and 7 of horizontal position register. Table 7 shows the 
relationship between the values set in the horizontal posi- 
tion register and the character border function. 



Table 7 . The relationship between the value set in the horizontal position register and the character border function 



Horizontal position register 


Functions 


Example of output 


Bit 7 


Bit 6 


X 


0 


Normal 


R, G, B, 1 output 1 1 

OUT output | | 


0 


1 


Border including character 


R, G, B, 1 output | 1 

OUT output _| L 


1 


1 


Border not including character 


R, G, B, 1 output | | 
OUT output | | | | 




m is display by character data 
I I is border 



Fig. 32 Example of border 
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(10) Programming notes 

1 . Use STA instruciton for data transfer to the following 
registers related to OSD functions. 
0 Horizontal position register (address 00D0 16 ) 
© Vertical position registers (address 00D1 16 to 00D3 16 ) 
(D Color registers (address 00D4 16 to 00D7 16 ) 
® CRT control register (address 00D8 16 ) 

2 . Do not display the display OFF blocks having different 
character sizes on a block display. 

3 . The highest vertical position (the vertical display start 
position bits are "00 16 ") can not be used. 

4. The interrupt to tell the end of block display is not 
caused and the display block counter is not in- 
cremented until the display of the block has been com- 
pleted terminated. 

5. The display block counter (00D9 16 ) is reset while 
Vsync is "H" (when the option is positive in polarity) to 
"00 16 ". 

6 . If, during the display of a block, the display position of 
another block comes, the display of the subsequent 
block (having a larger vertical position register value) 
is preferred. 

7. When two or more blocks are displayed in the same 
vertical position, the display priority is CV1, CV2, and 
CV3 in this order. This is not affected by turning on/off 
of block display. 
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RESET CIRCUIT 

The M37103 is reset according to the sequence shown in 
Figure 34. It starts the program from the address formed by 
using the content of address FFFF 16 as the high order 
address and the content of the address FFFE 16 as the low 
order address, when the RESET pin is held at "L" level for 
no less than 2/^s while the power voltage is 5V±10% and 
the crystal oscillator oscillation is stable and then returned 
to "H" level. The internal initializations following reset are 
shown in Figure 33. 



Address 



(1) PortPO directional register 


(D 0 )( E 1 16 ) 


0 0, 


6 






(2) Port P 1 directional register 


( n 1 ( f i ) 

\ U 1 J \ C 0 iq) 


0 0 i 


6 






(3) Port P2 directional register 


(D2)(E5 16 ) 


| 0 0, 


6 






(4) Port P3 directional register 


(D3)(E 9 16 ) 


| 0 0, 


6 






(5) Port P4 directional register 


(D4)(EB 16 ) 


[oTTTT 








(6) Port P 5 directional register 


(D5)(ED 16 ) 


0 0 0 0 0 


0 


0 




(7) Port P 6 directional register 


(D6)(EF 16 ) 


0 0 0 


0 


0 


o| 


(8) PWM control register 


(PM)(F 5 18 ) 


0 0, 


6 






(9) Serial I/O mode register 


(SM)(F 6 16 ) 


0 0i 


6 






(10) PWM output control register 


(PN)(F 9 16 ) 


0 00 


|o 


0 


0 


(11) Interrupt control register 2 


( I N)(F B 16 ) 


•I I I I I 






0 


(12) Timer 2 


( T 2 )( F C 16 ) 


F F, 


6 






(13) Timer 3 


(T 3)(FD 16 )- 


| 0 7, 


6 






(14) Interrupt control register 1 


( I M)(F E 16 ) 


0 0, 


6 






(15) Timer control register 


(TM.)(F F 16 ) 


0 0, 


6 






(16) Processor status register 


(PS) 




1 






(17) Program counter 


(PC H ) 


I eContents of 
I FFFF, 


add 

6 


ress I 




(PC l ) 


| Contents of 
I FFFEi 


add 

6 


ress I 


(18) Horizontal location register 


(HR)(DO, 6 ) 


| oo. 


6 






(19) Color register 0 


(CO0)(D4 16 ) 


I 0 1 0 1 0 


0 


0 


0 


(20) Color register 1 


(CO 1 )(D5 16 ) 


1 0 1 0 | 0 


|o 


0 


o| 


(21) Color register 2 


(C02)(D6, 6 ) 


0 0 0 


|o 


0 


0 


(22) Color register 3 


(C03)(D7, 6 ) 


0 0 0 


0 


0 


0 


(23) Display control register 


(CC)(D8 16 ) 


0 0 0 0 


0 


0 


0 


(24) PWM output control register 


(PQ)(0206 16 ) 


1 0 1 0 | 0 1 0 


0 


0 


0 


(25) Timer 4 control register 


(T N)(0208 16 ) 


I l° 0 


I 

I 


0 


0 



Note Since the contents of both registers other than those listed above 



and the RAM are undefined at reset, it is necessary to set initial 
values 

Fig. 33 Internal state of microcomputer at reset 
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RESET 
RESETout 
SYNC 
Address 
Data 



_jiuuuuuir 



DSCIXZXZXZX^X^XZ 



Reset address from 
the vector table 



8 to 1 2 clock cycles 



Note 1 : Frequency relation of f(X, N ) and <f> is f(X, N )=4-0 
2 : The mark " ? " means that the address is changing 
depending upon the previous state 



Fig. 34 Timing diagram at reset 
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I/O PORTS 

(1) PortPO 

Port PO is an 8-bit I/O port with N-channel open drain 
and middle-voltage output. 

As shown in the memory map (Figure 2), port PO can 
be accessed at zero page memory address 00E0 16 . 
Port PO has a directional register (address 00E1 16 ) 
which can be used to program each individual bit as 
input ("0") or as output ("1"). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 
Depending on the contents of the processor mode bits 
(bit 0 and bit 1 at address 00FF 16 ) , three different 
modes can be selected; single-chip mode, eva-chip 
mode and microprocessor mode 
In these modes it functions as address (A 7 -A 0 ) output 
port (excluding single-chip mode) . For more details, 
see the processor mode information. 

(2) Port P1 

In single-chip mode, port P1 has the same function as 
port PO. It can be built in pull-up register at each pin 
by selecting the option. In other modes, it .functions as 
address (A 15 -A 8 ) output port. 

Refer to the section on processor modes for details. 

(3) Port P2 

In single-chip mode, port P2 has the same function as 
port P1. In other modes, it functions as data (D 0 -D 7 ) in- 
put/output port. Refer to the section on processor mod- 
es for details. 

(4) Port P3 

In single-chip mode, port P3 has the same function as 
port PO but the output structure is not middle voltage. 
P3 2 -P3 7 have program selectable dual functions. P3 0 , 
P3i function as control signals input/output port except 
in the single-chip mode. Refer to the section on pro- 
cessor modes for details. 

(5) Port P4 

This is a 1-bit I/O port with function similar to port PO, 

but the output structure is CMOS output. 

This port is unaffected by the processor mode bits. 

(6) Port P5 

This is an 8-bit I/O port with function similar to port PO, 
but the output structure of P5 2 and P5 3 is not middle- 
voltage. P5 1 and P5 4 -P5 7 have program selectable dual 
functions. P5 2 , P5 3 are shared with external interrupt in- 
put pins (INT 1( INT 2 ). 



This port is unaffected by the processor mode bits. 

(7) Port P6 

This is an 6-bit input/output port with function similar to 
port PO. The output structure of P6 0 , P6 1 is CMOS out- 
put and the output structure of P6 2 -P6 5 is N-channel 
open drain and middle-voltage. 
P6 0 -P6 5 have program selectable dual functions. 
This port is unaffected by the processor mode bits. 

(8) Function pins for CRT display function. 

The horizontal synchronizing signal is input from H S ync- 
The vertical synchronizing signal is input from V SYN c- I. 
B, G, R, OUT are output pins for CRT display. 
Refer to the section on CRT display functions for de- 
tails. 

(9) 0pin. 

The internal system clock (1/4 the frequency of the 
oscillator connected between the X| N and X G ut pins) 
can be output from this pin by selecting the option. 
At low-speed mode, X ctN divided by 2 is output from 
this pin. 



2-136 J^mttsubishi 



k ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M37103M4-XXXSP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 

with ON-SCREEN DISPLAY CONTROLLER 



Port PO, P5i, P5 4 -P5 7l 
P6 2 -P6 5 





Directional register 








I 


L>i 





Data bus- 





. 1 


-j Port latch 













I 



N-channel open drain output 
O p ort PO, P5 1t P5 4 -P5 7l P6 2 -P6 5 



Note : P5-|, P5 4 -P5 7l P6 2 -P6 5 may also be 
used as PWM output pins 



Port P1, P2 



Directional register 



^1 

Mask option | g 



N-channel open drain output 



O Port P1 , P2 



Port P3, P5 2) P5 3 



-4- 



Data bus~ 



Directional register 



N-channel open drain output 



O Port P3, P5 2( P5 3 



Note '. P3 may also be used as 
serial I/O pins 



Port P4 7 , P6 0 , P6 




CMOS Tri-state output 



O Port P4 7 , P6 0 , P6, 

Note P6 0 may also be used as timer 

output pin and P6, may also be used 
as PWM output pin 



"SYNC. v SYNC 



Data bus 



-©- Schmitt input 



~0 ^SYNC. VsYNC 



<f>, R, G!, B, I, OUT-G- CMOS output 

~0 0. R, G. B, I, OUT 



Fig. 35 Ports P0-P6, H SY nc. V SY nc, </>, R, G, B, I and OUT block diagram 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 0 
and 1 at address 00FF 16 ) , three different operation modes 
can be selected; single-chip mode, microprocessor mode 
and evaluation chip (eva-chip) mode. In the microp- 
rocessor mode and eva-chip mode, ports P0-P3 can be 
used as multiplexed I/O for address, data and control sig- 
nals, as well as the normal functions of the I/O ports. 
Figure 37 shows the functions of ports P0-P3. 
The memory map for the single-chip mode is illustrated in 
Figure 1 and for other modes, in Figure 36. 
By connecting CNV SS to V ss , all three modes can be 
selected through software by changing the processor mode 
bits. Supplying 10V to CNV SS places the microcomputer in 
the eva-chip mode. The three different modes are ex- 
plained as follows: 



(1 ) Single-chip mode [00) 

The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNV S s is con- 
nected to V ss - Port P0-P3 will work as original I/O 
ports. 

(2) Microprocessor mode [01] 

The microcomputer will be placed in the microp- 
rocessor mode when CNV SS is connected to V ss and 
the processor mode bits are set to "01". 
In this mode, the internal ROM is inhibited so the ex- 
ternal memory is required. 

In this mode, port P0 and P1 are used as the system 
address bus and the original function of the I/O pins is 
lost. Port P2 becomes the data bus (D 7 -D 0 ) and loses 
its normal output functions. Port P3! and P3 0 become 
the SYNC and R/W pins, respectively and the normal I/ 
O functions are lost. 

(3) Eva-chip mode [11) 

When 10V is supplied to CNV S s pin, the microcomputer 
is forced into the eva-chip mode. 
In this mode, the internal ROM is inhibited so the ex- 
ternal memory is required. 

The lower 8 bits of address data for port P0 is output 
when <f> goes to "H" state. When <f> gose to the "L" 
state, P0 retains its original output functions. 
Port P1's higher 8 bits of address data are output when 
<f> goes to "H" state and as it changes back to the "L" 
state it retains its original output functions. Port P2 re- 
tains its original output functions while <f> is at the "H" 
state, and works as a data bus of D 7 -D 0 (including in- 
struction code) while at the "L" state. Pins P3! and P3 0 
output the SYNC and R/W control signals, respectively 
while 4> is in the "H" state. When in the "L" state, P3! 
and P3 0 retain their original I/O function. 
The R/W output is used to read/write from/to the out- 
side. When this pin is in the "H" state, the CPU reads 
data, and when in the "L" state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 
"H" state when it fetches the OP CODE. 
The relationship between the input level of CNV S s and 
the processor mode is shown in Table 8. 

Note : Use the M37103M4-XXXSP in the microprocessor 
mode or the memory expanding mode only at 
program development. 

The standards is assured only in the single-chip 
mode. 



0000 ! 6 

00BF 16 

OODOie 

00DF 16 
00E0 16 
00E5 16 
00EB 16 

00FF 16 
0100 16 

01FF 16 
0200 16 

020A 16 



2000 16 
20D4 16 

3000! 6 
35FF 16 

3800 16 
3DFF 1£ 

4000, 6 



E000 1£ 



Internal RAM 




Internal RAM 


Not used 





Not used 


miscellaneous 
registers 




miscellaneous 
registers 






Port P0-P2 


miscellaneous 
registers 




miscellaneous 
- registers 


Not used 




Not used 


miscellaneous 
registers 




miscellaneous 
registers 


Not used 




Not used 


RAM for display 




RAM for display 


Not used 




Not use J 


ROM for display 1 




ROM for display 1 


Not used 




Not used 


ROM for display 2 




ROM for display 2 


Not used 




Not used 















Microprocessor mode Eva-chip mode 

The shaded area is external memory area 



Fig. 36 Example memory area in processor mode 
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CM, 


0 


1 


0 


CM 0 


0 


1 


1 


\ Mode 
Port \ 


Single-chip mode 


Eva-chip mode 


Microprocessor mode 


Port PO 










I 




l 


d r 


,1 


Ports PO7-PO0 


Ports P0 7 -P0 o 


Ports PO7-PO0 


I/O port 




"V Address \/~ 
A A 7 -A 0 A 








PortPI 




I 






I 




# j 1 r 


♦J 


Ports P1 7 -P1 0 


Ports PI7-PI0 


Ports PI7-PI0 


I/O port 




"V Address V" 
A A 15 -A 8 A 








Port P2 


Ports P2 7 -P2 0 


f -1 1— 

*J 1 1 

Ports P2 7 -P2o 


•J 

Ports P2 7 -F 

>--- 


I 

3 2 0 


I/O port 


"V Output W Data V" 
A Port A D 7 -D 0 A 


/ Data \ 
\ D 7 -Do /" 








Port P3 


•j i r 

Ports P3 7 -P3 0 


| 1 1 — 

rOnS rOy-r02 


d r 

Ports P3 7 -P3 2 


I/O port 


I/O port 


I/O port 




Port P3t 


Port P3, 


"X sync X l/0 p° rt )T 




Port P3 0 


Port P3 0 


R/W I/O port ^ 


IX ■* X! 







Fig. 37 Processor mode and functions of ports P0-P3 



Table 8. Relationship between CNV S s pin input level and processor mode 



CNVss 


Mode 


Explanation 


Vss 


• Single-chip mode 

• Eva-chip mode 

• Microprocessor mode 


The single-chip mode is set by the reset 

All modes can be selected by changing the processor mode bit with the program 


10V 


• Eva-chip mode 


Eva-chip mode only 
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CLOCK GENERATING CIRCUIT 

The M37103M4-XXXSP has two internal clock generating 
circuits. Figure 40 shows a block diagram of the clock 
generating circuits. Normally, the frequency applied to the 
clock input pin X, N divided by four is used as the internal 
clock (timing output) <f>. Bit 7 of serial I/O mode register 
can be used to switch the internal clock <f>\o 1/2 the fre- 
quency applied to the clock input pin X C i N - 
Figure 38 shows a circuit example using a ceramic (or 
crystal) oscillator. Use the manufacturer's recommended 
values for constants such as capacitance which will differ 
depending on each oscillator. When using an external clock 
signal, input from the X )N (X C | N ) pin and leave the X OU t 
(X C out) pin open. A circuit example is shown in Figure 39. 
The M37103M4-XXXSP has two low power dissipation mod- 
es; stop and wait. The microcomputer enters a stop mode 
when the STP instruction is executed. The oscillator (both 
X| N clock and X C | N clock) stops with the internal clock <f> 
held at "H" level. In this case timer 2 and timer 3 are forc- 
ibly connected and 0/8 is selected as timer 2 input. When 
restarting oscillation, FF 16 is automatically set in timer 2 and 
07 16 in timer 3 in order to enable the oscillator to stabilize. 
Before executing the STP instruction, the timer 2 count stop 
bit must be set to supply ("0"), timer 2 interrupt enable bit 
and timer 3 interrupt enable bit must be set to disable 
("0"). 

Oscillation is restarted (release the stop mode) when INT 1( 
INT 2 , or serial I/O interrupt is received. The interrupt en- 
able bit of the interrupt used to release the stop mode must 
be set to "1". When restarting oscillation with an interrupt or 
reset, the internal clock <t> is held "H" until timer 3 overflows 
and is not supplied to the CPU. 

The microcomputer enters a wait mode when the WIT in- 
struction is executed. The internal clock <t> stops at "H" 
level, but the oscillator does not stop. <t> is re-supplied (wait 
mode release) when the microcomputer is reset or when it 
receives an interrupt. 

Instructions can be executed immediately because the 
oscillator is not stopped. The interrupt enable bit of the in- 
terrupt used to reset the wait mode must be set to "1" be- 
fore executing the WIT instruction. 

Low power dissipation operation is also achieved when the 
X| N clock is stopped and the internal clock </> is generated 
from the X C i N clock (60M or less at f(Xci N ) = 32kHz) . X, N 
clock oscillation is stopped when the bit 6 of serial I/O 
mode register (address 00F6 16 ) is set and restarted when 
it is cleared. However, the wait time until the oscillation sta- 
bilizes must be generated with a program when restarting. 
Figure 41 shows the transition of states for the system 
clock. 



M37103M4-XXXSP 




ACIN *COUT 



29 30f-3v^3T 
Rd 



Tfr 



Fig. 38 Example ceramic resonator circuit 



M37103M4-XXXSP 



T 28 open 29 30f O pen31 
External oscillating External oscillating circuit 
circuit or external pulse 



vrjuumr I: 



Fig. 39 Example clock Input circuit 
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The above example assumes that signals of 4MHz and 32kHz are being applied to pins X, N X C!N respectively 0 signifies the internal clock 
Note 1 : Approximately 8ms of latenoy time are automatically generated upon release 
from the STP instruction due to connections of timer 2 and 3. 

2 '. Approximately 500ms of latency time exists after the release of the STP instruction 

3 '. When the internal clock 1/8 frequency is connected as a timer count source the count source becomes 2kHz 



Fig. 41 Transition of states for the system clock 
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•<An example of flow for system> 



Power on reset 
i 

Clock X and clock for clock function X c oscillation 
Internal system clock start (X-*1/4-^ <f>) 
Program start from RESET vector 



Normal program 



-Operating at 4 MHz 



Internal clock <j> source switching X( 4 MHz)— X c (32. 768kHz) (SM 7 : 0 — 1 ) 

Clock X halt(X c in operation) 

Internal clock halt(WIT instruction) 
i 

*Timer3 (clock count) overflow 
I 

Internal clock operation start (WIT instruction released) 



Clock processing routine *- Operating at 32. 768kHz 



-Internal clock halt (WIT instruction) 

Interrupts from INT^, timer 2, timer 1 or serial I/O, INT 2 

Internal clock operation start (WIT instruction released) 

Program start frorn interrupt vector 

Clock X oscillation start 
4 



Oscillation rise time routine (software) ^-Operating at 32. 768kHz 



I 

Internal clock 0 source switching (X C -*X)(SM 7 : 1 -*■ 0 ) 



Normal program 



♦Operating at4MHz 



STP instruction preparation (pushing registers) 



4 

Timer 2^ timer 3 interrupt disable, timer 3 interrupt no request (IM 4 = 0 , TM 6 = 0 , TM 7 = 0 ) 

Timer 2^count stop bit resetting (TM 5 = 0 ) 

Clock X and clock for clock function X c halt (STP instruction) 



RAM backup status 



Interrupts from INT^ serial I/O, INT 2 

Clock for clock function X c oscillation start 

Timer 3 overflow (X c /8-+timer 2 —timer 3) 
(Automatically connected by the hardware) 

Internal system clock start (X c -*1/2-*0) 

Program start from interrupt vector 



Normal program 



AMITSUBIS* 
ELECTRIC 
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PROGRAMMING NOTES 

(1 ) Processor status register 

1 . Except for the interrupt inhibit flag ( I ) being set to 
"1", the content of the processor status register (PS) 
is unpredictable after a reset. Therefore, flags affect- 
ing program execution must be initialized. 
The T flag and D flag which affect arithmetic opera- 
tions, must always be initialized. 

2 . A NOP instruction must be used after the execution 
of a PLP instruction. 

(2) Interrupts 

Even though the BBC and BBS instructions are ex- 
ecuted just after the interrupt request bits are modified 
(by the program), those instructions are only valid for 
the contents before the modification. Also, at least one 
instruction cycle must be used (such as a NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) Decimal operations 

1 . Decimal operations are performed by setting the de- 
cimal mode flag (D) and executing the ADC or SBC 
instruction. In this case, there must be at least one 
instruction following the ADC or SBC instruction be- 
fore executing the SEC, CLC, or CLD instruction. 

2. The N (Negative), V (Overflow), and Z (Zero) flags 
are ignored during decimal mode. 

(4) Timers 

The frequency dividing ratio of timer is 1/(n+1 ). 

(5) STP instruction 

The STP instruction must be executed after setting the 
timer 2 count stop bit (bit 5 at address 00FF 16 ) to 
supply ("0"). 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

• mask ROM order confirmation form 

• mark specification form 

• ROM data EPROM 3 sets 

Write the following option on the mark confirmation form 

(1 ) Port P1 pull-up transistor bit 

(2) Port P2 pull-up transistor bit 

(3) X| N and X C | N oscillation feed-back resistor 

(4) CRT display signal input/output polarity 

(5) <f> output 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to Vss 
Output transistors are 
at off state 


—0. 3 to 6 


V 


V, 


Input voltage RESET, CNV SS 


—0.3 to 13 


V 


V| 


Input voltage P0 0 -P0 7 , Plo-PV, P2 0 -P2r, 
P3 0 -P3 7 , P4 7 , P5KP57, 

P6o-P65, H S YNC. VsYNC. 

X|N. Xcin. OSC1 


— u. 5 to Vcc~rU. 5 


V 


V 0 


Output voltage P0 0 -P0 7 , P5i, P5 4 -P5 7> P6 2 -P6 5 


—0.3 to 13 


V 


V 0 


Output voltage PI0-PI7. P2 0 -P2 7 , P3 0 -P3 7 , 

P4 7 , P5 2 , P5 3 , P6 0 , P6 1f Xout, <t>, 
Xcout, OSC2, R, G, B, 1, OUT 


—0. 3 to Vcc+0. 3 


V 


'oh 


Circuit current P6 0 , P6-i, P4 7( R, G, B, I, OUT 




0 to 10(Note 1 ) 


mA 


'OL1 


Circuit current PI0-PI7, P2 0 -P2 7 , P3 0 -P3 7l P4 7 , 

P5 2 , P5 3 , P6 0 , P61, R, G, B, I, OUT 




0 to 15(Note 2) 


mA 


'oi_2 


Circuit current P0 0 -P0 7 , P5i, P5 4 -P5 7 , P6 2 -P6 5 


V 0 ^7V 


0 to 15(Note 2) 


mA 


V 0 > 7 V 


0 to 1( Note 2) 


Pd 


Power dissipation 


T a = 25°C 


1000 


mW 


Topr 


Operating temperature 




-10 to 70 


°C 


Tstg 


Storage temperature 




-40 to 125 


°C 



Note 1 The total of l 0 H should be 20mA( max ) 

2 : The total of l 0 u and l 0 i_2 should be 50mA(max ) 



RECOMMENDED OPERATING CONDITIONS 

(V CO =5V±10%, Ta=-10 to 10X. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply 

voltage 
(Note 1) 


Normal speed mode f(X| N )-4MHz 

f(OSCl)=5MHz 


4.5 


5.0 


5.5 


V 


Low-speed mode KXcin)^ 32kHz 


3.0 


5.0 


5.5 


V ss 


Supply voltage 


0 


0 


0 


V 


V|H 


"H" input voltage P0 0 -P0 7l PI0-PI7, P2 0 -P2 7 , 
P3 0 -P3 7 , P4 7) PSrPSj, 
P60-P65, X, N , Xcin, RESET, 

HsYNC. VsYNC 


0. 8V CC 




Vcc 


V 


V, L 


"L" input voltage P0 0 -P0 7> PI0-PI7, P2 0 -P2 7 , 
P3 0 , P3i, P3 3 -P3 5 , P3 7 , P4 7 , 
P5i, P5 4 , P5 5 , P5 7> P60-P65 


0 




0. 4V CC 


V 


v IL 


"L" input voltage P3 2> P3 6 , P5 2 , P5 3 , P5 6 , RESET, 
Xin. Xcin. Hsync> Vsync 


0 




0. 2V CC 


V 


louavg) 


"L" average output current P0o-P0 7 , P1 0 -P1 7 , 

P2 0 -P2 7 , P3 0 -P3 7 , P4 7) 
P5i-P5 7 , P60-P65, 
R, G, B, I, OUT 






5 


mA 


loUavg) 


"L" average output current 
P0 o -P0 7 , P5i, P5 4 -P5 7 , P6 2 -P6 5 


V 0 ^7V 






5 


mA 


V 0 >7V 


1 


'oH(avg) 


"H" average output current P4 7 , P6 0 , P6l R, G, B, I, OUT 






2 


mA 


f(x, N ) 


Oscillating frequency (Note 2) 


3.6 


4 


4.4 


MHz 


f(X c , N ) 


Oscillating frequency 


29 


32 


35 


kHz 


f(osci) 


Oscillating frequency 


4 


5 


6 


MHz 



Note 1 : Apply 0. 022/^F or greater capacitance externally to the V cc power supply pin so as to reduce 
power source noise 

2 I Use a quartz crystal oscillator or a ceramic resonator for the CPU oscillating circuit 
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ELECTRIC CHARACTERISTICS (v cc =5v±io%, v ss = o v, T a =-io to 70°c, f(x IN )=4MHz) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm. 


Typ 


Max 


V 0 h 


n OUtput VOltage r4 7 , roo, rOi, K, Cj, D, I, UUI 


Vcc~^« sv, Ioh — u. omA 


2.4 






V 


Voh 


"H" output voltage <f> 


V CC =4.5V 
Ioh ~ 2. 5mA 


2.4 






V 


Vol 


"L" output voltage P0 0 -P0 7l P2 0 -P2 7 , P3 0 -P3 7 , 
P4 7l P5i-P5 7 , P60-P65, 

D D 1 /"VI IX 

n, la, D, 1, UU 1 


V cc =4. 5V 
Iol =0. 5mA 






0. 4 


V 


Vol 


"L" output voltage PI0-PI7 


V CC =4.5V 
Iol ~1 0mA 






1.5 


V 


Vol 


"L" output voltage <f> 


V cc =4. 5V 
Iol =2. 5mA 






2 


V 


V T+ - V T - 


Hysteresis RESET 


V C c=5. 0V 




0. 5 


0. 7 


V 


v T + - V T _ 


Hysteresis P3 2 , P3 6 , P4 7 , P52, P53, P56, H SY nc- V S ync. Xcin (Note 2) 


Vcc == 5. 0V 




0.5 


1.3 


V 


Ru 


Pull-up transister (Note 1) PI0-PI7, P2 0 -P2 7 


V cc =5. 0V 
V|=0V 


15 


30 


60 


kf2 


'ozh 


"H" input current P0 0 -P0 7l P1 0 -P1 7 , P2 0 -P2 7l 

P3o-P3 7 , P4 7 , PS^PSt', P60-P65, 
RESET, Xin, X C in> Hsync. V S ync 


V cc =5. 5V 
V 0 =5. 5 V 






5 


uA 


'OZH 


"H" input leak current P0 0 -P0 7l P5i, P5 4 -P5 7 , P6 0 -P6 5 


V C c=5. 5 V 
V 0 =12V 






10 


/uA 


'oZL 


"L" input leak current P0 0 -P0 7> P1 0 -P1 7 , P2 0 -P2 7l 

P3o-P3 7 , P4 7 , P5i-P5 7 , P6o-P65, 
Hsync. Vsync. Xcin. RESET 


V cc =5. 5V 
V o =0V 






5 


uA 


Vram 


RAM retention voltage 


At stop mode 


2.5 




5.5 


V 


'cc 


Supply current 


Vcc=5. 5V, f(X| N )=4MHz 

At system operation and CRT display off 




5 


10 








V C c=5. 5V, f(X, N )=4MHz 

At system operation and CRT display on 




7 


14 


mA 






V cc =5. 5V, f(X, N )=4MHz 
At wait mode 




1 










X|N-XoUT Stop 

f(X C i N )=32kHz 
At system operation 


V CC =5.5V 




60 


200 








V CC =3V 




25 










Xin~ Xout stop 
f(X C iN)=32kHz 
At wait mode 


V C c=5. 5V 




25 


100 


M A 






V CC =3V 




5 








At stop mode 


V cc =5. 5V 




1 


10 








V CC =3V 




0.6 







Note 1 '. Pull-up transistor is mask option 

2 ! Hysteresis of X C in is only when this port is used as timer 4 input 
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DESCRIPTION 

The M37202M3-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP. This single-chip micro- 
computer is useful for the high-tech channel selection sys- 
tem for TVs and VTRs. 

In addition to their simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

FEATURES 

• Number of basic instructions 69 

• Memory size ROM 12288 bytes 

RAM 256 bytes 

• Instruction execution time 

^Jus (minimum instructions at 4MHz frequency) 

• Single power supply 5V±10% 

• Power dissipation 

normal operation mode (at 4MHz frequency) 
110mW (V CC =5.5V, CRT display) 

• Subroutine nesting 96 levels (Max.) 

• Interrupt 12 types, 12 vectors 

• 8-bit timer 4 

• Programmable I/O ports 

(Ports PO, P1, P2, P3, P4, P6) 47 

• Output port (Port P5) 5 

• Serial I/O (8-bit) 1 

• Special serial I/O (l 2 C bus* format) 1 

• PWM function 14-bitX1 

8-bitX4 

• A-D converter (4-bit resolution) 4 channels 

• 72-character on screen display function 

Number of character 24 charactersX3 lines 

Kinds of character 94 



PIN CONFIGURATION (TOP VIEW) 



I/O port P6 



Oscillation input for 
display OSC 1 

Oscillation output for nQro 
d.splay , UbU ^ 

fP3 6 /INT2/A-D2« 

|4 0p0rt PVA-DK 
I P3 4 /INT1 « 
14-bit PWM output D-A« 
P6 o /PWM0 < 
P^/PWMI < 
P6 2 /PWM2« 
P6 3 /PWM3 «• 
P6 4 /A-D3 « 
P6 5 /A-D4 « 
P6 6 « 
P6 7 + 
P3 3 /TIM3 + 
P3 2 /TIM2 + 
P3^ 
P3 0 + 
P4 7 /S^y 
P4 6 /S IN 

P4 5 /S C LK 

P4 4 /S OU t ' 
P4 3 < 
P4 2 « 

P4 0 ^ 
CNV SS - 

Timing output <f> 4 

Reset input 
Clock input 
Clock output 



I/O port P3 



I/O port P4 



RESET - 

X|N- 
XoUT "* 

V SS 



-E 

>n 

•E 
►E 
-E 
-E 
►E 
►E 
►E 

►E 

~m 
~m 

-Of 

-m 

-Es 



►is 

►E 

"HI 

►n 

-[28 

'HI 

► [30 

-1 



2 

CO 



2 

CO 
I 

X 
X 
X 

v> 

T3 



E v cc 

HI "*~ HsYNC 
U^VsYNC 

eT|->R/P5 2 
6o] — G/P5 3 
H — B/P5 4 
U — l/P5 5 
57] OUT/P5 6 . 
HI^POo- 

54]~ P0 2 

po 4 
5T]**po 5 

U^POe 
U~P0 7 
H~P1 0 
47]** P^ 

pi 2 

pi 3 

pi 4 
U~pi 5 
U~pi 6 

4TJ**P1 7 
40]*>P2o 
U~ P2i 
U** P2 2 

m^p2 3 

H +* P2 4 ' 
H~P2 5 
34j**P2 6 

m ** P2 7 j 



Outline 64P4B 



APPLICATION 

TV, VTR 



* : Purchase of Mitsubishi Electric Corporation's l 2 C components converys a license under the Philips l 2 C Patent Rights to use these 
components in an l 2 C system, provided that the system conforms to the l 2 C Standard Specification as defined by Philips. 



2-147 



M37202M3-XXXSP BLOCK DIAGRAM 



Clock Clock Timing 
input output output 

X| N XquT 0 



r 



Reset 
input 

RESET 

Vcc V S s CNV S < 

i) @ — (§> — @>— 



Clock generating 
circuit 



Data bus 



RAM 
256bytes 



Program 
counter 
PC H (8) 



Program 
counter 

PC L (8) 



ROM 

12288bytes 



8-bit 
Arithmetic 

and logical unit 



Processor 
status 
register 
PS (8) 



Index 




Index 




Stack 


register 




register 




pointer 


X(8) 




Y(8) 




S(8) 




i > 


— ?T "" 



. K Timer 2 

T2 (8) 



Timer count source 
selection circuit 



Timer 1 
T1 (8) 



Timer 3 

T3 (8) 



Timer 4 

T4 (8) 



D-A 



14-bit 
PWM circuit 



Control signal 



Instruction 
decoder 



IE 



Instruction 
register (8) 



it 



IE3I 



Vsync Hsync OSC10SC2 




CRT 
circuit 




I/O port PO 



I/O port PI 



I/O port P2 



I/O port P3 



I/O port P4 



I/O port P6 



Output port P5 
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FUNCTIONS OF M37202M3-XXXSP 



Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


(minimum instructions, at 4MHz frequency) 


Clock frequency 


4MHz 


Memory size 


ROM 


izzoo bytes 


RAM 


256 bytes 


Input/Output ports 


PO, P1, P2 


I/O 


8-bitX3 


P3 0 , P3i 


I/O 


2-bitX 1 


P3 2 -P3 6 


I/O 


5-bitX 1 (can be used as timer input pins, INT1, INT2 input pins and A-D 
input pins) 


P4 0 -P4 3 


I/O 


4-bitX1 


P4 4 -P4 7 


I/O 


4-bitXl (can be used as serial I/O pins) 


P5 


Output 


5-bitX1 (can be used as R, G, B, I, OUT pins) 


P60-P65 


I/O 


6-bitX1 (can be used as PWM output pins and A-D input pins) 


P6 6 , P67 


I/O 




Serial I/O 


o-DitA i i&peciai serial i/u (.cj-uitjAU 


A-D converter 


4-bit (4-channel) 


Pulse width modulator 


1/1 kilV1 nr\A 0 ^|*V/ 

K-DiiA i , ana o-DitA*j 


Timers 


B-Dit timerA4 


Subroutine nesting 


96levels (max ) 


Interrupt 


Two external interrupts, eight internal interrupts, 
one software interrupt 


Clock generating circuit 


Two built-in circuits (externally connected ceramic or quartz crystal oscillator) 


Supply voltage 


5Vdb1 0% 


Power dissipation 


at CRT display ON 


1 lumw (.ciock Trequency ain — 'Hvinz, Vcc — o"i lyp > 


at CRT display OFF 


RRmW ( r\r\rle fronnonpu Y... = AMI-l7 \A — R R\/ Tun ^ 


at stop mode 


1.65mW (Max) 


Input/Output characteristics 


Input/Output voltage 


12V (Port P4 0 ~P4 3) P4 6 , P4 7 , P6 0 ~P6 3 , P6 6 , P67) 


Output current 


10mA (Port P2 4 ~P2 7 ) 


Operating temperature range 


-10 to 70'C 


Device structure 


CMOS silicon gate process 


Package 


64-pin shrink plastic molded DIP 


CRT display function 


Number of character 


24 charactersX3 lines (maximum 16 lines by software) 


Kinds of character 


94 (12X16 dots) 


Character size 


4 types 


Color 


15 types (Max ) specified by character unit 


Display position 


64 (horizontal direction) X 128 (vertical direction) 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc, 
V S s 


Supply voltage 




Power supply inputs 5V±10% (typ ) to V C c. and OV to V S s 


CNVss 


CNVss 




This is connected to V S s 


RESET 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2us (under normal V C c 
conditions). 

If more time is needed for the crystal oscillator to stabilize, this "L" condition should be maintained for the 
required time 




Clock input 


Input 


This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the X| N and X 0 ut pms If an external clock is used, the clock 
source should be connected the X| N pin and the X 0 ut pm should be left open 


XoUT 


Clock output 


Output 


* 


Timing output 


Output 


This is the timing output pin 


P0 0 to P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode The output structure is CMOS output 


P1 0 to P1 7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO 


P2 0 to P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO , 


P3 0 to P3 6 


I/O port P3 


I/O 


Port P3 is an 7-bit I/O port and has basically the same functions as port PO, but the output structure of P3o, 
PZ-i is CMOS output and the output structure of P3 2 to P3 6 is N-channel open drain 

P3 2 , P3 3 are in common with external clock input pins of timer 2 and 3 P3 4 , P36 are in common with exter- 
nal interrupt input pins INT1 and INT2 \P3 5 , P3 6 are in common with analog input pins of A-D converter 
(A-D1.A-D2) \ 


P4 0 to P4 7 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port and has basically the same functions as port PO, but the output structure is 

r / 

N-channel open drain 

When serial I/O is used, P44, P4 5 , P4 6 and P4 7 work as Sout. Sclk. Sin and S RD y pins, respectively Also 
P44, P4 5 are in common with special serial I/O pins of SDA and SCL j 


P6 0 to P67 


I/O port P6 


I/O 


Port P6 is an 8-bit I/O port and has basically the same functions as port PO, but the output structure is 
N-channel open drain Port P6 0 to P63 are in common with PWM output pins PWMO to PWM3 
Port P64 and P65 are in common with A-D converter analog input pins A-D3 and A-D4 


OSC1, 
OSC2 


Clock input/output 
for CRT display 


Input 
Output 


This is the I/O pins of the clock generating circuit for the CRT display function 

\ 


HsYNC 


Hsync input 


Input 


This is the horizontal synchronizing signal input for CRT display. 


VsYNC 


Vsync input 


Input 


This is the vertical synchronizing signal input for CRT display 


R, G, B, 
I, OUT 


CRT output 


Output 


This is an 5-bit output pin for CRT display The output structure is CMOS output This is in common with 
port P5 2 to P5 6 


D-A 


DA Output 


Output 


This is a output pin for 14-bit PWM. The output structure is CMOS output 
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FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 

The M37202 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 

CPU Mode Register 

The CPU mode register is allocated to address 00FB 16 . Bits 
0 and 1 of this register are processor mode bits. This regis- 
ter also has a stack page selection bit. 



7 Q 
I I I | | I I | ~\ CPU mode register (address 00FB 16 ) 

' — ' Processor mode bits 

0 0 : Single-chip mode 

0 1 '. Memory expansion mode 

1 0 : Microprocessor mode 
1 1 : Disable 

' Stack page selection bit 

0 .' In page 0 area 

1 '. In page 1 area 

' s System clock output selection 

bit (note 1) 

0 : Stop (reset-out) 

1 : System clock output 

Note 1 : This bit validates in single-chip mode only 

In the other processor mode, the 28th pin always outputs 
the system clock 

Fig. 1 Structure of CPU mode register 
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MEMORY 

• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 

• RAM 

RAM is used for data storage as well as a stack area 

• ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 

• Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 



• Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

• Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 





0000 16 














RAM 










, (192 bytes) 












00BF 16 














Zero page 




0100 16 


SFR area 












RAM 








\k>h Dyiesy 


\ 013F 16 








2000, 6 


Not used 




RAM for display 






(216 bytes) 


20D7 16 








Not used 




ROM for display 


3000, 6 






(1504 bytes) 


35DF, 6 






ROM for display 


37E0, 6 


Not used 








(1536 bytes) 


3DFF, 6 










Not used 






D000 16 








FF00, 6 








ROM 










(12K bytes) 


FFDE, 6 


Interrupt vector area 
(See section on interrupt) 




Special page 




FFFF, 6 















Fig. 2 Memory map 
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00C0 16 


Port PO 


00E0 16 


Horizontal position register 


00C1 16 


Port PO direction register 


00E1 16 


Vertical display start position register 1 


00C2 16 


Port P1 


00E2 16 


Vertical display start position register 2 


00C3 16 


Port P1 direction register 


00E3 16 


Vertical display start position register 3 


00C4 16 


Port P2 


00E4 16 


Character size register 


00C5 16 


Port P2 direction register 


00E5 16 


Border selection register 


00C6 16 


Port P3 


00E6 16 


Color register 0 


00C7 16 


Port P3 direction register 


00E7 16 


Color register 1 


00C8 16 


Port P4 


00E8 16 


Color register 2 


00C9 16 


Port P4 direction register 


00E9 16 


Color register 3 


00CA 16 


Port P5 


00EA 16 


CRT control register 


00CB 16 


Port P5 direction register 


00EB 16 


Display block counter 


00CC 16 


Port P6 


00EC 16 


CRT port control register 


00CD 16 


Port P6 direction register 


00ED 16 




O0CE 16 


DA-H register 


00EE 16 




00CF 16 


DA-L register 


00EF 16 


A-D control register 


00D0 16 


PWM 0 register 


00F0 16 


Timer 1 


00D1 16 


PWM 1 register 


00F1 16 


Timer 2 


00D2 16 


PWM 2 register 


00F2 16 


Timer 3 


00D3 16 


PWM 3 register 


00F3 16 


Timer 4 


00D4ie 




00F4 16 


Timer 12 mode register 


00D5 16 


PWM output control register 1 


00F5 16 


Timer 34 mode register 


00D6 16 


PWM output control register 2 


00F6 16 




00D7 16 


Interrupt interval determination register 


00F7 16 




00D8 16 


Interrupt interval determination control register 


00F8 16 




00D9 16 


Special serial I/O register 


00F9 16 




00DA 16 


Special mode register 1 


00FA 16 




00DB 16 


Special mode register 2 


00FB 16 


CPU mode register 


00DC 16 




00FC 16 


Interrupt request register 1 


00DD 16 




00FD 16 


Interrupt request register 2 


00DE 16 


Serial I/O mode register 


00FE 16 


Interrupt control register 1 


00DF 16 


Serial I/O register 


00FF 16 


Interrupt control register 2 



Fig. 3 SFR (Special Function Register) memory map 



INTERRUPTS 

Interrupts can be caused by 11 different events consisting 
of three external, seven internal, and one software events 
Interrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op- 
eration is similar to an interrupt. 

When an interrupt is accepted, the registers are pushed as 
described in the stack pointer (S) section above, interrupt 
disable flag I is set, and the program jumps to the address 
specified in the vector table. The interrupt request flag is 
cleared automatically. The reset and BRK instruction inter- 
rupt can never be disabled. Other interrupts are disabled 
when the interrupt disable flag is set. 



All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter- 
rupt request bits are in interrupt request registers 1 and 2 
and the interrupt enable bits are in interrupt control regis- 
ters 1 and 2. Figure 4 shows the structure of the interrupt 
request registers 1 and 2 and interrupt control registers 1 
and 2. 

Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is "1", interrupt 
request bit is "1", and the interrupt disable flag is "0". The 
interrupt request bit can be reset with a program, but not 
set. The interrupt enable bit can be set and reset with a 
program. 

Reset is treated as a non-maskable interrupt with the high- 
est priority. Figure 5 shows interrupts control. 
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Table 1. Interrupt vector address and priority. 



Event 


Priority 


. Vector addresses 


Remarks 


RESET 


1 


FFFF 16 , FFFE 16 


Non-maskable 


CRT interrupt 


2 


FFFD 16 , FFFC 16 




INT2 interrupt 


3 


FFFB 16 , FFFA 16 




INT1 interrupt 


4 


FFF9 16 , FFF8 16 




Serial I/O interrupt 


5 


FFF7 16 , FFF6 16 




Timer 4 interrupt 


6 


FFF5 16 , FFF4 16 




1 ms interrupt 


7 


FFF3 16 , FFF2 16 




Vsync interrupt 


8 


FFF1 16 , FFF0 16 




Timer 3 interrupt 


9 


FFEF 16 , FFEE 16 




Timer 2 interrupt 


10 


FFED 16 , FFEC 16 




Timer 1 interrupt 


11 


FFEB 16 , FFEA 16 




BRK instruction interrupt 


12 


FFDF 16 , FFDE 16 


Non-maskable software interrupt 



7 



0 7 

| | | | | Interrupt request register 1 I I 
(address 00FC 16 ) 



H 



' — Timer 1 interrupt request bit 

— Timer 2 interrupt request bit 

— Timer 3 interrupt request bit 
— : Timer 4 interrupt request bit 

— CRT interrupt request bit 

— Vsync interrupt request bit 



n 



| Interrupt request register 2 
(address 00FD 16 ) 

' — INT1 interrupt request bit 
INT2 interrupt request bit 



Serial I/O interrupt request bit 
1ms interrupt request bit 



0 : Interrupt disabled 

1 : Interrupt requested 



7 0 
| | | | | 111 Interrupt control register 1 
(address 00FE 16 ) 



7 



' — Timer 1 interrupt enable bit 
Timer 2 interrupt enable bit 
Timer 3 interrupt enable bit 
Timer 4 interrupt enable bit 
CRT interrupt enable bit 
Vsync interrupt enable bit 



TT 



] Interrupt control register 2 
(address 00FF 16 ) 

— INT1 interrupt enable bit 

— INT2 interrupt enable bit 



— Serial I/O interrupt enable bit 

— 1ms interrupt enable bit 



0 Interrupt disable 

1 : Interrupt enabled 



Fig. 4 Structure of registers related with interrupt 



Interrupt request bit - 
Interrupt enable bit - 



=D-i 



Interrupt disable flag I - 



BRK instruction 
reset 




- Interrupt request 



Fig. 5 Interrupt control 
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TIMER 

The M37202M3-XXXSP has four timers; timer 1, timer 2, 
timer 3 and timer 4. 

A block diagram of timer 1 through 4 is shown in Figure 7. 
The count source for timer 1 through 4 can be selected by 
using bit 0, 1, 4 of timer 12 mode register and timer 34 
mode register (address 00F4 16) 00F5 16 ) , as shown in Fi- 
gure 6. 

All of the timers are down count timers and have 8-bit 
latches. When a timer reaches "00 16 " and the next count 
pulse is input to a timer, a value which is subtracted 1 from 
the contents of the reload latch are loaded into the timer. 
The division ratio of the timer is 1/(n + 1), where n is the 
contents of timer latch. The timer interrupt request bit is set 
at the next count pulse after the timer reaches "00 16 ". 
The starting and stopping of the timer is controlled by bit 2, 
3 of timer 12 mode register and timer 34 mode register. 
At a reset or stop mode, FF 16 is automatically set in timer 3 
and 07 16 in timer 4 and timer 4, timer 3 and the clock 
(f(X, N ) divided by 16) are connected in series. 
When restarting oscillation or canceling a reset, the internal 
clock is not supplied to the CPU until timer 4 overflows. 



\_ 



Timer 12 mode register 
(address 00F4 16 ) 



T12M 



Timer 1 count source selection bit 

0 : f(X, N ) divided by 16 

1 : 1024^s clock 

Timer 2 count source selection bit 

0 i Internal clock 

1 : External clock from P3 2 /TIM2 pin 

Timer 1 count stop bit 

0 : Count start 

1 : Count stop 

Timer 2 count stop bit 

0 : Count start 

1 : Count stop 

Timer 2 internal count source 
selection bit 

0 : f(X 1N ) divided by 16 

1 : Timer 1 overflow 



Timer 34 mode register : T34M 
(address 00F5 16 ) 

Timer 3 count source selection bit 

0 : f(X, N ) divided by 16 

1 : External clock from P3 3 /TIM3 

Timer 4 internal count source 
selection bit 

0 '. Timer 3 overflow 

1 : f(X, N ) divided by 16 

Timer 3 count stop bit 

0 : Count start 

1 : Count stop 

Timer 4 count stop bit 

0 Count start 

1 : Count stop 

Timer 4 count source selection bit 

0 : Internal clock 

1 : f(X, N ) divided by 2 



Fig. 6 Structure of timer 12 mode register and 
timer 34 mode register 
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1024//S clock 

a— 



x IN o — H 1/2 h 



P3 2 /TIM2 O 



P3 3 /TIM3 O ^J>- 



1/8 



Timer 1 latch (8) 



T12M 0 "7 L " 



Timer 1 (8) 



T12M 2 



T12M 4 



Timer 2 latch (8) 



T12M! | 



Timer 2 (8) 



T12M 3 



FF 1£ 




Timer 3 latch (8) 



T34M 0 



Timer 3 (8) 



T34M 2 



T34Mi 



07 1f 



Timer 4 latch (8) 



T34M, 



w 

JL 



Timer 4 (8) 



Data bus 



Timer 1 

interrupt request 



Timer 2 

interrupt request 



Reset 

STP instruction 



Timer 3 

interrupt request 



Timer 4 

interrupt request 



Selection gate '. Connected to black 
colored side at reset 



Note : Pulse width of external clock input TIM2, TIM3 need more than 4 machine cycles. 



Fig. 7 Block diagram of timer 1, timer 2, timer 3 and timer 4 
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SERIAL I/O 

A block diagram of the serial I/O is shown in Figure 8. 
In the serial I/O mode, port P4 4 to P4 7 are used as the se- 
rial I/O pins (Sout and S )N ), synchronous input/output clock 
pin (S C lk)» and the receive ready signal pin (S RDY ). The 
serial I/O mode registers (address 00DE 16 ) are 8-bit regis- 
ters. Bits 0, 1 and 2 of these registers are used to select a 
synchronous clock source. 

Bit 3 and 4 decide whether port P4 will be used as a serial 
I/O or not. 



To use P4 6 as a serial input, set the directional register bit 
which corresponds to P4 6 to "0". For more information on 
the directional register, refer to the I/O pin section. 
Also to use internal clock of serial I/O, bit 1 of special 
mode register 1 (address 00DA 16 ) needs to be set to "1". 
The serial I/O function is discussed below. The function of 
the serial I/O differs depending on the clock source; exter- 
nal clock or internal clock. 



P4 7 /S RDY O 



PVScLK O 



P4 4 /S OU T O- 



P4 6 /S| N O- 



P4 7 latch 



4- 



SIOM 4 



P4 5 latch SCL 



SIOM3 SB 2 
P4 4 latch SDA 

4—4- 



SIOM3 SB 2 



1/2 




1/2 




Counter 







Sync 



SIOM 2 

— Q*- 



is 



1/16 
SIOM! 

SIOMo 



Serial I/O counter (8) 



SIOM 5 : LSB~MSB 



Serial I/O shift register (8) 



_^ Serial I/O 

interrupt request 



Fig. 8 Block diagram of serial I/O 
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Internal clock— The S RDY signal becomes "H" during trans- 
mission or while dummy data is stored in the serial I/O reg- 
ister (address 00DF 16 ). After the falling edge of the write 
signal, the S RDY signal becomes low signaling that the 
M37202M3-XXXSP is ready to receive the external serial 
data. The Srdy signal goes "H" at the next falling edge of 
the transfer clock. The serial I/O counter is set to 7 when 
data is stored in the serial I/O register. At each falling 
edge of the transfer clock, serial data is output to S OU t- 
During the rising edge of this clock, data can be input from 
S| N and the data in the serial I/O register will be shifted 1 
bit. 

Transfer direction can be selected by bit 5 of serial I/O 
mode register. After the transfer clock has counted 8 times, 
the serial I/O register will be empty and the transfer clock 
will remain at a high level. At this time the interrupt request 



bit will be set. 

External clock- If an external clock is used, the interrupt re- 
quest will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 
Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
500kHz at a duty cycle of 50% . The timing diagram is 
shown in Figure 9. When using an external clock for trans- 
fer, the external clock must be held at "H" level when the 
serial I/O counter is initialized. When switching between 
the internal clock and external clock, the switching must not 
be performed during transfer. Also, the serial I/O counter 
must be initialized after switching. 

An example of communication between two M37202M3- 
XXXSPs is shown in Figure 10. 



Sync clock 

Transfer clock 

Serial I/O register 
write signal 

Serial I/O output 

Sout 

Serial I/O input 

S|N 

Receivable signal 

Srdy 



LJijnjTL_ri_n_n_rLr 



n(\ ! 








X D » # D. X <W X °3 X D< X D= X Ds X Or 








X X X°X X XX X: 




1 



u 



Interrupt request bit set 



Fig. 9 Serial I/O timing 



Transmission side 



Reception side 



Serial I/O mode register 

Bit 4 Bit C 



1 1 



1 



The direction register for pin S RD y 
should be set to input mode 



Sync clock 



Serial data 



Serial I/O mode register 

Srdy 

Bit 4 Bit 0 



1 


1 


0 


X 


x 



The direction register for pin S| N 
should be to input mode 



Fig. 10 Example of serial I/O connection 
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SPECIAL MODE (l 2 C BUS MODE) 

M37202M3-XXXSP has a special serial I/O circuit that can 
be reception or transmission of serial data in conformity 
with l 2 C (Inter IC) bus format. 

I 2 C bus is a two line directional serial bus developed by 
Philips to transfer and control data among internal ICs of a 
machinery. 

M37202M3-XXXSP's special serial I/O is not included the 
clock synchronisation function and the arbitration detect- 
able function at multimaster. 

Operations of master transmission and master reception 
with special serial I/O are explained in the following: 
(1 ) Master transmission 

To generate an interrupt at the end of transmission, set bit 
7 of special mode register 2 (address 00DB 16 ) to "1" so as 
to special mode serial I/O interrupt is selected. Then set 
bit 3 of interrupt control register 2 (address 00FF 16 ) to "1" 
so as to special mode serial I/O interrupt is enabled. Clear 
the interrupt disable flag I to "0" by using the CLI instruc- 
tion. 

The output signals of master transmission SDA and SCL are 
output from ports P4 4 and P4 5 . Set all bits (bits 4 and 5) 
corresponding to P4 4 and P4 5 of the port P4 register 
(address 00C8 16 ) and the port P4 direction register 
(address 00C9 16 ) to "1". 

Set the transmission clock. The transmission clock uses the 
overflow signal of timer 4. Set appropriate value in timer 4. 
(For instance, if f (X JN ) /1 6 is selected as the clock source 
of timer 4 and 4 is set in timer 4 when f(X, N ) is 4MHz, the 
master transmission clock frequency is 25kHz.) 
Set contents of the special mode register 2 (address 
00DB 16 ). (Usually, "83 16 ".) 

Set the bit 3 of serial I/O mode register (address 00DE 16 ). 
After that set the special mode register 1 (address 
00DA 16 ). Figure 15 shows the structure of special mode 
registers 1 and 2. 

Initial setting is completed by the above procedure. 
Write data to be transmitted in the special serial I/O regis- 
ter (address 00D9 16 ) . Immediately after this, clear bits 0 
and 1 of special mode regiser 2 (to "0") to make both SDA 
and SCL output to "L". This is for arbitration. The start sig- 
nal has been completed. 

The hardware automatically sends out data of 9-clock cy- 
cle. The 9th clock is for ACK receiving and the output level 
becomes "H" at this clock. If other master outputs the start 
signal to transmit data simultaneously with this 9th clock, it 
is not detected as an arbitration-lost. 
When the ACK bit has been transmitted, bit 3 of the inter- 
rupt request register 2 is set to "1" (issue of interrupt 
request), notifying the end of data transmission. 
To transmit data successively, write data to be sent to the 
special serial I/O register, and set the interrupt enabled 
state again. By repeating this procedure, unlimited number 
of bytes can be transmitted. 



Serial I/O mode register 
(address O0DE 16 ) 

— Internal synchronous clock 
selection bit 

00 : f(X IN ) divided by 4 

01 : f(X IN ) divided by 16 

10 : f(X IN ) divided by 32 ' 

11 : f(X, N ) divided by 64 

— Sync, clock selection bit 

0 : External clock 

1 : Internal clock 

— Serial I/O port selection bit 

0 : Port P4 4 , P4 5 

1 : Special mode (see Fig. 15) 

— Sr D y signal output selection bit 

0 : Port P4 7 

1 : Special mode (see Fig 15) 

— Transfer direction selection bit 

0 : LSB first 

1 : MSB first 



Fig. 11 Structure of serial I/O mode register 
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To terminate data transfer, clear bits 0 and 1 of the special 
mode register 2 to "0", set bit 1 clock SCL to "1", then set 
bit 1 data SDA to "1". This procedure transmits the stop 
signal. 

Figure 13 shows master transmission timing explained 
above. 

(2) Master reception 

Master reception is carried out in the interrupt routine after 
data is transferred by master transmission. For master 
transmission and interrupt thereafter, see the preceding 
section (1) Master transmission. 

In the interrupt routine, set master reception ACK provided 



(26 16 ) in the special mode register 1 (address 00DA 16 ) , 
and write "FF 16 " in the special serial I/O register (address 
00D9 16 ). This sets data line SDA to "H" and to perform 8- 
clock master reception. Then, "L" is transmitted to data line 
SDA for ACK receiving. In the ACK provided mode, the 
above ACK is automatically sent out. 
Repeat the above receiving operation for a necessary num- 
ber of times. Then return to the master transmission mode 
and transmit the stop signal by the same procedure for the 
master transmission. 

Figure 14 shows master reception timing. 



P4 5 /SCL O- 



Control 






Counter 


circuit 





- Interrupt request 



P4 4 /SDA Q- 



Shift register 



Control 
circuit 



Sl/O shift register 



Fig. 12 Block diagram of special serial I/O 



P4 4 /SDA 



P4 5 /SCL 



JXrUlilTLTLTlJUl 



JinjLT 



P4 5 /SCL 



jOOOCOCCCT 

_TLruuuimjin 



Fig. 13* Master transmission timing 



Reception data 



"TJTJinJXnJTJIJlJ^^ 



P4 5 /SCL 



p4 4 /sda ! ! I ! ! ! 1 T I r 

I 1__J j. j I I 

p4s/scl njruijinjijirLrL 



Fig. 14 Master reception timing 
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Special mode register 1 
(address 00DA 16 ) 



Transmission and reception mode 
selection bit 

0 Reception mode 

1 '. Transmission mode 

Synchronous clock selection bit 

0 : External clock 

1 i Timer 4 overflow 

P4 4 , P4 5 special mode selection bit 

0 : Sout. Sclk signal output 

1 : SDA, SCL signal output 

ACK operation selection bit 

0 .* ACK is not transmitted or 

received 

1 ACK is transmitted and 
received 

Start signal detect bit 

0 : Start signal is not detected 

1 : Start signal was detected 

Stop signal detect bit 

0 : Stop signal is not detected 

1 : Stop signal was detected 



Special mode register 2 
(address 00DB 16 ) 



■ Data line control bit 

0 : SDA outputs "L" 

1 : SDA outputs "H" 

- Clock line control bit 

0 : SCL outputs "L" 

1 : SCL outputs "H" 

- ACK recognition bit 

0 ' ACK was received 

1 '. ACK is not received 

Wait function 1 enable bit 

0 : Wait function 1 is disabled 

1 : Wait function 1 is enabled 

Wait function 2 enable bit 

0 : Wait function 2 is disabled 

1 : Wait function 2 is enabled 

Wait function 1 acceptance display bit 

0 ' Wait function 1 is not accepting 

1 : Wait function 1 is accepting 

Wait function 2 acceptance display bit 

0 '. Wait function 2 is not accepting 

1 ' Wait function 2 is accepting 

Interrupt selection bit 

0 : Serial I/O interrupt 

1 : Special serial I/O interrupt 



Fig. 15 Structure of special mode registers 1 and 2 
(3) Wait functions 

Wait function 1 holds the SCL line at "L" after the 8th clock 
falls in special mode. Wait function 2 holds the SCL line at 
"L" after the 9th clock falls in the same way. 
When one of the wait functions operates, the internal coun- 
ter that counts the clock must be reset after bit 3 or 4 of the 
special mode register 2 is set to "1", to enable the corres- 
ponding wait function 1 or 2 to operate. Reset the internal 
counter by writing data to the special serial I/O register 
(address 00D9 16 ), or by setting the START signal detection 
bit to "1". Reset the internal counter for each byte before 
data transfer. 

The wait functions can be released by setting the corres- 
ponding bit 5 or 6 of the special mode register 2 to "1". 
Note 1 : Clear the START signal detection bit (bit 6) and 
the STOP signal detection bit (bit 7) of the spe- 
cial mode register 1 by writing "1" to bit 6 or bit 7. 
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PWM OUTPUT CIRCUIT 

(1) Introduction 

The M37202M3-XXXSP is equipped with one 14-bit 
PWM (DA) and four 8-bit PWMs (PWMO to PWM3) . 
The 14-bit resolution gives DA the minimum resolution 
bit width of 500ns (for X| N =4MHz) and a repeat period 
of 8192/^s. PWMO to PWM3 have a 8-bit resolution with 
minimum resolution bit width of 8/us and repeat period 
of 2048/; s. 

Block diagram of the PWM is shown in Figure 16. 
The PWM timing generator section applies individual 
control signals to DA and PWMO to 3 using clock input 
X iN divided by 2 as a referece signal. 

(2) Data setting 

The output pins PWMO to 3 are in common with- port 
P6. 

For PWM output, each PWM output selection bit (bit 2 
to 5 of PWM output control register 1 ) should be set. 
When DA is used for output, first set the higher 8-bit of 
the DA-H register (address 00CE 16 ), then the lower 6- 
bit of the DA-L register (address 00CF 16 ). 
When one of the PWMO to 3 is used for output, set the 
8-bit in the PWMO to 3 register (address 00D0 16 to 
00D3 16 ), respectively. 

(3) Transferring data from registers to latches 

The data written to the PWM registers is transferred to 
the PWM latches at the repetition of the PWM period. 
The signals output to the PWM pins correspond to the 
contents of these latches. When data in each PWM 
register is read, data in these latches has already been 
read allowing the data output by the PWM to be con- 
firmed. However, bit 7 of the DA-L register indicated 
the completion of the data transfer from the DA register 
to the DA latch. If bit 7 is "0", the transfer has been 
completed, if bit 7 is "1", the transfer has not yet 
begun. 

(4) Operation of the 8-bit PWMs 

The timing diagram of the four 8-bit PWMs (PWMO to 
3) is shown in Figure 17. One period (T) is composed 
of 256 ( 2 8 ) segments. 



There are eight different pulse types configured from 
bits 0 to 7 representing the significance of each bit. 
These are output within one period in the circuit inter- 
nal section. Refer to Figure 17 (a). 
Eight different pulses can be output from the PWM. 
These can be selected by bits 0 through 7. Depending 
on the content of the 8-bit PWM latch, pulses from 7 to 
0 is selected. The PWM output is the difference of the 
sum of each of these pulses. Several examples are 
shown in Figure 17 (b). Changes in the contents of the 
PWM latch allows the selection of 256 lengths of high- 
level area outputs varying from 0/256 to 255/256. An 
length of entirely high-level output cannot be output, 
i.e. 256/256. 

(5) 14-bit PWM operation 

The output example of the 14-bit PWM is shown in Fi- 
gure 19. The 14-bit PWM divides the data within the 
PWM latch into the lower 6 bits and higher 8 bits. 
A high-level area within a length D H times t is output 
every short area of t=256 t=i28/^s as determined by 
data D H of the higher 8 bits. 

Thus, the time for the high-level area is equal to the 
time set by the lower 8 bits or that plus t. Asa result, 
the short-area period t (=128^s, approx. 7.8kHz) be- 
comes an approximately repetitive period. 

(6) Output after reset 

At reset the output of port P6 is in the high impedance 
state and the contents of the PWM register and latch 
are undefined. Note that after setting the PWM regis- 
ter, its data is transferred to the latch. 



Table 2. Relation between the 6 low-order bits of data 
and high-level area increase space 



6 low-order bits of data 


Area longer by r than that of other t m (m = 0 to 63) 


o o o o o L 6 B 


Nothing 


0 0 0 0 0 1 


m=32 


0 0 0 0 1 0 


m=16, 48 


0 0 0 1 0 0 


m= 8,24, 40, 56 


0 0 1 0 0 0 


m= 4,12,20, 28, 36, 42, 50, 58 


0 1 0 0 0 0 


m= 2, 6, 10, 14, 18,22,26, 30, 34, 38, 42, 46, 50, 54, 58, 62 


1 0 0 0 0 0 


m= 1 , 3, 5, 7, 57,59,61,63 
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DA-L register 
(address 00CF 16 ) 



DA-H register 
(address 00CE 16 ) 



-6- 



Selection gate : connected to black 
colored side when 
reset 

Pass gate 



IbitO 



DA latch (14-bit) 



M I I I I I I | I I I I Kl 



14, 



14-bit PWM circuit 



^o-T^T-lV- 

PW 0 



PN 2 PN 4 




Timing 
generator 
for PWM 



)D-A 



PWMO register 
(address 00D0 16 ) 



M I I I I B 



]msb| r 



8-bit PWM circuit 



PN 3 



P6 0 D6 o 



4 ^£ >^l 

niAi 



D6i 



PWM1 



PW 3 ' 

D6 2 rO PWM2 

P6 2 J 

j-O PWM3 



PW 4 



D6 3 



Inside of • iare the same construction 



PM : PWM output control register 1 

PN : PWM output control register 2 

D6 ' Port P6 directional register 

P6 : Port P6 register 

SB : Special mode register 1 



Fig. 16 Block diagram of the PWM circuit 
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Bit 7 
Bit 6 
Bit 5 
Bit 4 
Bit 3 
Bit 2 
Bit 1 
BitO 



Contents 
of the latch 

When 00 16 (0) 

When 01 16 (1) 

When 18 16 (24) 

When FF 16 (255) 



12 20 28 36 44 52 60 68 76 84 92 100 1 08 116 124 132 140 148 156 1 64 172 180 188 196 204 212 220 228 236 244 252 



2 6 10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 70 74 78 82 86 90 94 98 102 1 061 1 011 4 M 81 221 261 301 34 1381 42 146 1 50 154158162166170174178182186190194198202206210214218222226^0^4^8242246250254 



40 56 72 88 104 120 136 142 168 184 288 216 232 248 

nnnnnnnnnnn n n fl_ 



(a) Pulses showing the weight of each bit 



jljlj n n n_ 



n n n n n 



T=256t 



When output is PWMO to 3 t=8/^s T=2048/iS 
When f(X 1N )=4MHz 

(b) Example of 8-bit PWM output 



Fig. 17 8-bit PWM timing diagram 



PWM output control register 1 
(address 00D5 16 ) 

DA, PWM count source selection bit 

0 ' Count source supply 

1 : Count source stop 

- DA/PN 4 output selection bit 

0 : DA output 

1 I PN 4 output 

- P6 0 /PWM0 output selection bit 

0 : P6 0 output 

1 : PWMO output 

- P61/PWMI output selection bit 

0 : P6t output 

1 : PWM1 output 

- P6 2 /PWM2 output selection bit 

0 : P6 2 output 

1 : PWM2 output 

- P6 3 /PWM3 output selection bit 

0 : P6 3 output 

1 : PWM3 output 



| | | l"""] PWM output control register 2 
(address 00D6 16 ) 



- DA output polarity selection bit 

0 : Positive polarity 

1 '. Negative polarity 

■ PWM output polarity selection bit 

0 : Positive polarity 

1 : Negative polarity 

DA wide use output register 

0 : "0" output 

1 : "1" output 



Fig. 18 Structure of PWM output control register 1 and 2 
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Data in address 00CE 16 is # 6A 16 



Data in address 00CE 16 is # 7B 16 



DA-H register 



DA-L register 



59 16 



6A 1£ 



Data in address 
00CF 16 is # 24 16 



13 16 A 4 ^^ 



DA latch 



(14-bit) 



1653 16 



•\ 7B 1€ 



-Bit 7 reset after transfer 



24 16 



Register to latch transfer 



B5 1( 



\ 1AA4 16 



1AA4 16 



Data in address 00CF 16 is # 35 16 



35 16 



Register to latch transfer 



1 EF5 1C 



T = 8192/is 



(64X128/is) 
t = 128a<s 



. When bit 7 of DA-L is "0" register 
to latch transfer will not occur 



(Example!) 6A 
D-A output 



6B 6A 6B 6A 6B 6A 6B 6A 6B 



lower 6 bits 

output_J 5 

(When H 6A 1( 
L- 24 16 ) 



jiinniiARRiuiiiruinii^ jinnjijinjiju 



(Example 2) gA 
D-A output 



lower 6 bits 

output 

(When H-6A 16l 
L 18 16 ) 



6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 



-2* 106X64+36 



6B 16 - (32+4) times 6A 16 28 — 
(107) (106) t,mes 



6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 



JUUUUUUUU^^ 

n m m r ? 7i n 



6B 16 (16+8) times 6A 16 40 times 



6A 6B 6A 6B 6A 6B 



iUUUWUlJL 

J7LJ7LJ7L 



106X64+24 



6B 6A 



6A 6A 



Minimum bit resolution width 



D-A output 



ADD 



8-bit counter I Q2 I Q1 | Q Q 



High/low-level of the ADD 
section is determined by 
the data contained in 
the lower 6-bit 



r =0.5/^s 



t= 128/is - 
(256X0. bus) 



6A j 69 | 68 | 67 ] 



! 02 ' 01 



l I I i li 



ADD 



FF i FE i FD'FC 



II II 



97 j 96 i 95 ' 



-I I I L. 



High-level area output, the length 

of which is specified DA-H 



i i i I i i I 

6A | 69 | 68 | 67 | \ 02 ] 01 [_ 



I'll I I I l 

FF 1 FE 1 FD i FC 1 ' 97 i 96 ' 95 ' 

_l III i i I i 



256 r (128^s) standard 



Fig. 19 14-bit PWM timing diagram 
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A-D CONVERTER 

Block diagram of A-D converter is shown in Figure 20. A-D 
converter consists of 4-bit D-A converter and comparator. 
The A-D control register can generate 1/16 V cc -step inter- 
nal analog voltage based on the settings of bits 0 to 3. 
Table 3 gives the relation between the descriptions of A-D 
control register bits 0 to 3 and the generated internal ana- 
log voltage. The comparison result of the analog input vol- 
tage and the internal analog voltage is stored in the A-D 
control register, bit 4. 



The data is compared by setting the direction register cor- 
responding to port P3 5 , P3 6) P6 4 and P6 5 to "0" (port P3 5 , 
P3 6 , P6 4 and P6 5 enters the input mode), to allow port P3 5 / 
A-D1, P3 6 /A-D2, P6 4 /A-D3 and P6 5 /A-D4 to be used as the 
analog input pin. The digital value corresponding to the in- 
ternal analog voltage to be compared is then written in the 
A-D control register, bit 0 to 3 and an analog input pin is 
selected. After 20 machine cycle, the voltage comparison 
starts. 



Data bus 



A-D control register 



Bit 6 



P3 5 - 
P3 6 - 
P6 4 - 
P6 5 - 



Bit 5 



Comparator control 



Analog 
signal 
switch 




A-D control 
register 



Bit 4 


Bit 3 


Bit 2 


Bit 1 


BitO 



Ladder resistor 



Fig. 20 Block diagram of A-D converter 



A-D control register 
(address 00EF 16 ) 

- Internal analog voltage 
set bits (See table 3) 

- Comparison result 

0 ; Input voltage < 

Internal voltage 

1 .* Input voltage > 

Internal voltage 
A-D input pin selection bit 
0 0 : P3 5 /A-D1 pin 

0 1 : P3 6 /A-D2 pin 

1 0 *. P6 4 /A-D3 
1 1 : P6 5 /A-D4 



Table 3. Relationship between the contents of A-D 
control register and internal analog voltage 



Fig. 21 Structure of A-D control register 



A-D control register 


Internal analog voltage 


Bit 3 


Bit 2 


Bit 1 


BitO 


0 


0 


0 


0 


1/32 V cc 


0 


0 


0 


1 


3/32 Vcc 


0 


0 


1 


0 


5/32 V cc 


0 


0 


1 


1 


7/32 Vcc 


0 


1 , 


0 


0 


9/32 V cc 


0 


1 


0 


1 


11/32 V cc 


0 


1 


1 


0 


13/32 V cc 


0 


1 


1 


1 


15/32 V cc 




0 


0 


0 


17/32 V cc 




0 


0 


1 


19/32 V cc 




0 


1 


0 


21/32 Vcc 




0 


1 


1 


23/32 V cc 




1 


0 


0 


25/32 V cc 




1 


0 


1 


27/32 V cc 




1 


1 


0 


29/32 V cc 




1 


1 


1 


31/32 V cc 
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CRT DISPLAY FUNCTIONS 

(1) Outline of CRT Display Functions 

Table 4 outlines the CRT display functions of the 
M37202M3-XXXSP. The M37202M3-XXXSP incorporates a 
24 columns X 3 lines CRT display control circuit. CRT dis- 
play is controlled by the CRT display control register. 
Up to 94 kinds of characters can be displayed, and colors 
can be specified for each character. Four colors can be 
displayed on one screen. A combination of up to 15 colors 
can be obtained by using each output signal (R, G, B, and 
I). 

Characters are displayed in a 12X16 dot configuration to 
obtain smooth character patterns. (See Figure 22) 
The following shows the procedure how to display charac- 
ters on the CRT screen. 

table 4. Outline of CRT display functions 



Parameter 


Functions 


Number of display 
character 


24 charactersX3 lines 


Character 
configuration 


12X16 dots (See Figure 22) 


Kinds of character 


94 


Character size 


4 size selectable 


Color 


Kinds of color 


1 5 ( max ) 


Coloring unit 


a character 


Display expansion 


Possible (multiple lines) 




16 dots 



© Set the character to be displayed in display RAM. 

© Set the display color by using the color register. 

® Specify the color register in which the display color is 
set by using the display RAM. 

® Specify the vertical position and character size by us- 
ing the vertical position register and the character size 
register. 

© Specify the horizontal position by using the horizontal 

position register. 
© Write the display enable bit to the designated block 

display flag of the CRT control register. When this is 

done, the CRT starts operation according to the input 

of the 

Vsync signal. 

The CRT display circuit has an extended display mode. 
This mode allows multiple lines (more than 4 lines) to be 
displayed on the screen by interrupting the display each 
time one line is displayed and rewriting data in the block 
for which display is terminated by software. 
Figure 23 shows the structure of the CRT display control 
register. Figure 24 shows a block diagram of the CRT dis- 
play control circuit. 



Fig. 22 CRT display character configuration 



CRT control register 
(Address 00EA 16 ) 

Display of all blocks control bit (Note 1) 

0 : Display of all blocks off 

1 : Display of all blocks on 

■ Display of block 1 control bit 

0 : Display of block 1 off 

1 : Display of block 1 on 

Display of block 2 control bit 

0 : Display of block 2 off 

1 : Display of block 2 on 

- Display of block 3 control bit 

0 : Display of block 3 off 

1 : Display of block 3 on 

- Block 1 color select mode switch bit 

0 : Normal mode 

1 : Half character width color 

select mode 

- Clock for display stop bit 

0 : Stop 

1 : Oscillation enable 

- Scanning line double count mode bit 

0 : Normal mode (256 lines) 

1 : Double count mode 

-Test bit : This bit must be set to "0" 



Note 1 : Display of all blocks control bit indicates the 
logical sum (AND) of each block display control 
bit. 



Fig. 23 Structure of CRT control register 
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CRT control register 









OSC1 

O 



(Address 00EA 16 ) 



(Addresses 00E1 16 to 00E3 16 ) 



Vertical position register 



(Address 00E4 16 ) 



5* Character size register 



(Address 00E0 16 ) 



Horizontal position register 



(Address 00E5 16 ) 



Border register 



OSC2 

o 



HsYNC VsYNC 

0 0 



Clock generating 
circuit 



Display position control circuit 



Display control 
circuit 



RAM for display 
11-bit X24X1 
+ 9-bit X24X2 



(Addresses 00E6 16 

to 00E9 16 )^ 



Color register 



(Address 00EC 16 ) 



CRT port control register 



ROM for display 
12-bitX16X94 



Shift register 
12-bit 











Border RAM 



Shift register 
12-bit 



Output circuit 



Data bus 



i i i A 

RGB I OUT 



Fig. 24 Block diagram of CRT display control circuit 
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(2) Display Position 

The display positions of characters are specified in units 
called a "block." There are three blocks, block 1 to block 3. 
Up to 24 characters can be displayed in one block. (See 
(4) Display Memory.) 

The display position of each block in both horizontal and 
vertical directions can be set by software. 
The horizontal direction is common to all blocks, and is 
selected from 64-step disptey positions in units of 4Tc (Tc 
= oscillation cycle for display). 

The display position in the vertical direction is selected 
from 128-step display positions for each block in units of 
four scanning lines. 

If the display start position of a block overlaps with some 
other block ((b) in Figure 27), a block of the smaller block 
No. (1~3) is displayed. 

If one block has displayed, some other block is later dis- 
played at the same display position ((c) in Figure 27), the 
former block is overridden and the latter is displayed. 
The vertical position can be specified from 128-step posi- 
tions (four scanning lines per step) for each block by set- 
ting values 00 16 ~7F 16 to bits 0~6 in the vertical position 
register (addresses 00E1 16 ~00E3 16 ). Figure 25 shows the 
structure of the vertical position register. 



Horizontal position register 
(Address 00E0 16 ) 



- The horizontal display start position 
64-step positions (00 16 to 3F 16 ) 



Fig. 26 Structure of horizontal position register 



I Vertical position register 
Vertical position register 1 

: CV! (Address 00E1 16 ) 
Vertical position register 2 

: CV 2 (Address 00E2 16 ) 
Vertical position register 3 

: CV 3 (Address 00E3 16 ) 

■ The vertical display start position 
128-step positions (00 16 to 7F 16 ) 



Fig. 25 Structure of vertical position registers 



The horizontal direction is common to all blocks, and can 
be specified from 64-step display positions (4Tc per step 
(Tc = oscillation cycle for display) by setting values 00 16 ~ 
3F 16 to bits 0~5 in the horizontal position register (address 
00E0 16 ) • Figure 26 shows the structure of the horizontal 
position register. 



A 
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(HR) 



CVa" 1 - 



cv 3 



Block 2 



Block 3 



(a) Example when each block is separated 



(HR) 



cv 3 



Block 3 



(b) Example when the display start position of a block overlaps with some other block 



(HR) 



CV; 



3_t_ 



— Block 2 



Block 3 



(c) Example when one block has displayed some other block is superimposed later 



Fig. 27 Display position 
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(3) Character Size 

The size of characters to be displayed can be selected 
from four sizes for each block. Use the character size reg- 
ister (address 00E4 16 ) to set a character size. The charac- 
ter size in block 1 can be specified by using bits 0 and 1 in 
the character size register; the character size in block 2 
can be specified by using bits 2 and 3; the character size 
in block 3 can be specified by using bits 4 and 5. Figure 28 
shows the structure of the character size register. 
The character size can be selected from four sizes: small 
size, medium size, large size, and extra large size. Each 
character size is determined by the number of scanning 
lines in the height (vertical) direction and the cycle of dis- 
play oscillation (=Tc) in the width (horizontal) direction. 
The small size consists of [one scanning line) X (1 Tc) ; the 
medium size consists of [two scanning lines] X [2 Tc] ; the 
large size consists of [three scanning lines] X [3 Tc] ; and 
the extra large size consists of [four scanning lines) X [4 
Tc) . Table 5 shows the relationship between the set values 
in the character size register and the character sizes. 



Character size register 
(Address 0OE4 16 ) 

■ Block 1 character size selection bit 

00 : Small size 

01 '■ Medium size 

10 : Large size 

1 1 : Extra large size 

- Block 2 character size selection bit 

00 : Small size 

01 ' Medium size 

10 Large size 

11 I Extra large size 

- Block 3 character size selection bit 

00 : Small size 

01 I Medium size 

10 : Large size 

1 1 : Extra large size 

• OUT pin output selection bit (Note) 

0 : OUT signal output 

1 '. MUTE signal output 



Note : See "(10) CRT Output Pin Control" 



Small 



Medium 



Large 



Extra large 



Display start position 



Fig. 29 



Display start position of each character size 
(horizontal direction) 



Fig. 28 Structure of character size register 

Table 5. The relationship between the set values of the character size register and the character sizes 



Set values of the character size register 


Character 


Width (horizontal) direction 


Height (vertical) direction 


CS n1 


CS n0 


size 


T c : A cycle of display oscillation 


(Scanning lines) 


0 


0 


Small 


1 T c 


1 


0 


1 


Medium 


2 T c 


2 


1 


0 


Large 


3 T c 


3 


1 


1 


Extra large 


4 T c 


4 



Note The display start position in the horizontal direction is not affected by the character size In other words, the horizontal start position is common to 
all blocks even when the character size varies with each block (See Figure 29) 



MITSUBISHI 
l ELECTRIC 



2-171 



MITSUBISHI MICROCOMPUTERS 

M37202M3-XXXSP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 

with ON-SCREEN DISPLAY CONTROLLER 



(4) Display Memory 

There are two types of display memory: CRT display ROM 
(addresses 3000 16 to 35DF 16l 37E0 16 to 3DDF 16 , and 3FE0 16 
to 3FFF 16 ) used to store character dot data (masked) and 
display RAM (addresses 2000 16 to 20D7 16 ) used to specify 
the colors of characters to be displayed. The following de- 
scribes each type of display memory. 
© ROM for CRT display (addresses 3000 16 to 35DF 16l 
37E0 16 to 3DDF 16 , and 3FE0 16 to 3FFF 16 ) 
The CRT display ROM contains dot pattern data for charac- 
ters to be displayed. For characters stored in this ROM to 
be actually displayed, it is necessary to specify them by 
writing the character code inherent to each character 
(code determined based on the addresses in the CRT dis- 
play ROM) into the CRT display RAM. 
The CRT display ROM has a capacity of 3K bytes. Because 
32 bytes are required for one character data, the ROM can 
contain up to 96 kinds of characters. Actually, however, be- 
cause two characters are required for test pattern use, the 
ROM can contain up to 94 kinds of characters for display 
use. 

The CRT display ROM space is broadly divided into two 
areas. The [vertical 16 dots] X (horizontal (left side) 8 
dots) data of display characters are stored in addresses 
3000 16 to 35DF 16 and 37E0 16 to 37FF 16 ; the (vertical 16 
dots] X (horizontal (right side) 4 dots) data of display char- 
acters are stored in addresses 3800 16 to 3DDF 16 and 
3FE0 16 to 3FFF 16 . (See Figure 30) Note however that the 
four upper bits in the data to be written to addresses 
3800 16 to 3DDF 16 and 3FE0 16 to 3FFF 16 must be set to "1" 
(by writing data F0 16 to FF 16 ). 

The character code used to specify a character to be dis- 
played is determined based on the address in the CRT dis- 
play ROM in which that character is stored. 
Assume that data for one character is stored at addresses 
3XX0 16 to 3XXF I6 (XX denotes 00 16 to 5D 16 , 7E 16 , or 7F 16 ) 
and 3YY0 16 to 3YYF 16 (YY denotes 80 16 to DD 16 , FE 16 , or 
FF 16 ), then the character code for it is "XX 16 ". 
In other words, character code for any given character is 
configured with two middle digits of the four-digit (hex- 
notated) addresses (3000 16 to 35DF 16 and 37E0 16 to 
37FF 16 ) where data for that character is stored. 
Table 6 lists the character codes 



Table 6. Character code list 



Character code 


Contained up address of character data 


Left 8 dots lines 


Right 4 dots lines 


oo 16 


3000! 6 

to 
300F 16 


3800 i 6 

to 
380F 16 


0116 


301 0 16 

to 
ou i r-)6 


381 0 16 

to 
oo I r-|6 


02 16 


3020! 6 

to 
302F 16 


3820 16 

to 
382F 16 


03 16 


3030 16 

to 
303F 16 


3830! 6 

to 
383F 16 


10 16 


3100 16 

to 
310F 16 


3900! 6 

to 
390 F, 6 


1116 


3110 16 

to 
311F 16 


391 d 6 

to 
391 F 16 


5C 16 


35C0 16 

to 
35CF 16 


3DC0 16 

to 
3DCF 16 


5D 16 


35D0 16 

to 
35DF 16 


3DD0 16 
to 

3DDF 16 


7E 16 * 


37E0 16 . 

to 
37EF 16 


3FE0 16 

to 
3FEF 16 


7F 16 * 


37F0 16 

to 
37FF 16 


3FF0 16 

to 
3FFF 16 



* : For test pattern 
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3XX0 16 
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0 
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0 


0 


0 


0 


0 


3XX0 16 +800 16 


1 


1< 


"1 




0 


0 


0 


0 


0 


0 


0 


0 


0 


1 


0 


0 




\ 


t 


1 


"v 


0 


0 


0 


0 


0 


0 


0 


0 


0 


1 


0 


0 




i 


k 






0 


0 


0 


0 


0 


0 


0 


0 


1 


0 


1 


0 




y 




:T 




0 


0 


0 


0 


0 


0 


0 


0 


1 


0 


1 


0 




f- 


t 






0 


0 


0 


0 


0 


0 


0 


1 


0 


0 


0 


1 




1 






'A- 


0 


0 


0 


0 


0 


0 


0 


1 


0 


0 


0 


1 




V 


-i 






0 


0 


0 


0 


0 


0 


0 


1 


0 


0 


0 


1 




:L 




"'I 




0 


0 


0 


0 


0 


0 


1 


0 


0 


0 


0 


0 




\ 


X 


1 


1.' 


1 


0 


0 


0 


0 


0 


1 


1 


1 


1 


1 


1 




'h 


'% 


■X 




1 


0 


0 


0 


0 


0 


1 


0 


0 


0 


0 


0 




;t : 


T 


t 




1 


0 


0 


0 


0 


1 


0 


0 


0 


0 


0 


0 




>\ 


f 




X 


0 


1 


0 


0 


0 


1 


0 


0 


0 


0 


0 


0 




i] 






K 


0 


1 


0 


0 


0 


1 


0 


0 


0 


0 


0 


0 




< 




-1 


V 


0 


1 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 




1 




1r 


A 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


3XXF 16 +800 16 




1 


;i 


>Y 


0 


0 


0 


0 



Fig. 30 Display character stored area 
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<D CRT display RAM (2000 16 to 20D7 16 ) 
The CRT display RAM is allocated at addresses 2000 16 to 
20D7 16 , and is divided into a display character code spe- 
cifying part and display color specifying part for each block. 
Table 7 shows the contents of the CRT display RAM. 
When a character is to be displayed at the first character 
(leftmost) position in block 1, for example, it is necessary 
to write the character code to the seven low-order bits 
(bits 0 to 6) in address 2000 16 and the color register No. to 
the two low-order bits (bits 0 and 1 ) in address 2080 16 . The 
color register No. to be written here is one of the four color 
registers in which the color to be displayed is set in adv- 
ance. For details on color registers, refer to (5) Color Reg- 
isters. 

The structure of the CRT display RAM is shown in Figure 
31. Write the character patterns at Table 8 and 9, when 
M37202M3-XXXSP is mask-ordered. 



Table 7. The contents of the CRT display RAM 



Block 


Display position (from left) 


Character code specification 


Color specification 




1st column 


2000 16 


2080i 6 




2nd column 


2001 16 


2081 16 




3rd column 


2002 16 


2082 16 


Block 1 










22th column 


201 5 16 


2095 16 




23th column 


201 6 16 


2096! 6 




24th column 


2017 16 


2097 16 




201 8 16 


2098! 6 


Not used 


to 


to 




201 F 16 


209Fi 6 




1st column 


2020 16 


20 AO! e 




2nd column 


2021 16 


20A1i 6 




3rd column 


2022 16 


20A2 16 


Block 2 










22th column 


2035 16 


20B5i 6 




23th column 


2036 16 


20B6 16 




24th column 


2037! 6 


20B7 16 




2038! 6 


20B8i 6 


Not used 


to 


to 




203F 16 


20BFi 6 




1st column 


2040! 6 


20C0 16 




2nd column 


2041! 6 


20C1 16 




3rd column 


2042 16 


20C2i 6 


Block 3 










22th column 


2055! 6 


20D5 16 




23th column 


2056ie 


20D6i 6 




24th column 


2057 16 


20D7 16 




2058! 6 




Not used 


to 






207F 16 
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Block 1 

(Character specification) 

1st column : 2000! 6 
to 

24th column : 201 7, 6 



(Color specification] 

1st column : 2080 16 
to 

24th column I 2097 16 



- Character code 

Specify 94 characters at 00 16 to 5D 16 



Former half color register specification 
in the normal mode or in the half character 
width color select mode 

00 : Color register 0 specification 

01 : Color register 1 specification 

10 : Color register 2 specification 

1 1 ; Color register 3 specification 



Block 2, 3 



(Character specification) 

1st column : 2020i 6 
to 

24th column : 2037 16 



- Latter half color register spt Jfication 
in the half character width color select mode 

00 : Color register 0 specification 

01 : Color register 1 specification 

10 : Color register 2 specification 

1 1 : Color register 3 specification 



(Address 2040 16 to 2057 16 in the case of block 3) 



■ Character code 

Specify 94 characters at 00 16 to 5D 16 



(Color specification) 

1st column : 20A0i 6 
to 

24th column : 20B7 16 



(Address 20C0 16 to 20D7 16 in the case of block 3) 



-Color register specification 

00 : Color register 0 specification 

01 : Color register 1 specification 

10 : Color register 2 specification 

1 1 : Color register 3 specification 



Fig. 31 Structure of the CRT display RAM 



2-175 



MITSUBISHI MICROCOMPUTERS 

M37202M3-XXXSP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 

with ON-SCREEN DISPLAY CONTROLLER 



Table 8. Test character patterns 1 



Address 


Data 


Address 


Data 


37E0 16 


40 16 


3FE0 16 


F0 16 


37E1 16 


04, 6 


3FE1 16 


F0 16 


37E2 16 


00, 6 


3FE2 16 


F4 16 


37E3 16 


20, 6 


3FE3 16 


F0 16 


37E4 16 


02 16 


3FE4 16 


F0 16 


37E5 16 


00! 6 


3FE5 16 


F2 16 


37E6 16 


10 16 


3FE6 16 


F0 16 


37E7 16 


01 16 


3FE7 16 


F0 16 


37E8 16 


80 16 


3FE8 16 


F0 16 


37E9 16 


08! 6 


3FE9 16 


fo; 6 


37EA 16 


oo 16 


3FEA 16 


F8 16 


37EB 16 


40 16 


3FEB 16 


F0 16 


37EC 16 


04 16 


3FEC 16 


F0 16 


37ED 16 


oo 16 


3FED 16 


F4 16 


37EE 16 


20, 6 


3FEE 16 


F0 16 


37EF 16 


02! 6 


3FEF 16 


F0 16 



Table 9. Test character patterns 2 



Address 


Data 


Address 


Data 


37F0 16 


oo 16 


3FF0i 6 


F0 16 


37F1 16 


oo 16 


3FF1i 6 


F0 16 


37F2 16 


oo 16 


3FF2 16 


F0 16 


37F3 16 


oo 16 


3FF3 16 


F0 16 


37F4 16 


oo 16 


3FF4i 6 


F0 16 


37F5 16 


oo 16 


3FF5i 6 


F0 16 


37F6 16 


oo 16 


3FF6 16 


F0 16 


37F7 16 


oo 16 


3FF7 16 


F0 16 


37F8 16 


00! 6 


3FF8 16 


F0 16 


37F9 16 


oo 16 


3FF9 16 


F0 16 


37FA 16 


00! 6 


3FFA 16 


F0 16 


37FB 16 


oo 16 


3FFB 16 


F0 16 


37FC 16 


00! 6 


3FFC 16 


F0 16 


37FD 16 


00i 6 


3FFD 16 


F0 16 


37FE 16 


00i 6 


3FFE 16 


F0 16 


37FF 16 


00i 6 


3FFF 16 


F0 16 



(5) Color Registers 

The color of a displayed character can be specified by set- 
ting the color to one of the four color registers (COO to 
C03: addresses 00E6 16 to 00E9 16 ) and then specifying that 
color register with the CRT display RAM. 
There are four color outputs: R, G, B, and I. By using a 
combination of these outputs, it is possible to set 2 4 -1 
(when no output) = 15 colors. However, because only four 
color registers are available, up to four colors can be dis- 
played at one time. 

R, G, B, and I outputs are set by using bits 0 to 3 in the col- 
or register. Bit 4 in the color register is used to set a char- 
acter or blank output; bit 5 is used to specify whether a 
character output or blank output. Figure 32 shows the struc- 
ture of the color register. 



7 Q 
| | | | | | | | Color register 

Color register 0 : COO (Address 00E6 16 ) 
Color register 1 : C01 (Address 00E7 16 ) 
Color register 2 : C02 (Address 00E8 16 ) 
Color register 3 : C03 (Address 00E9 16 ) 

*— I pin output bit 

0 I No character is output 

1 '. Character is output 

' B pin output bit 

0 : No character is output 

1 : Character is output 

' G pin output bit 

0 : No character is output 

1 Character is output 

' R pin output bit 

0 I No character is output 

1 .* Character is output 

1 ■ OUT pin output bit (Note) 

0 : No character or blank is output 

1 : Character or blank is output 

' OUT pin output control bit (Note) 

0 : OUT pin outputs character 

1 : OUT pin outputs blank 

Note .' When the character outlining function is used, the 
contents of these two bits (bits 4 and 5) are nullified, 
and the OUT pin output becomes an border output 



Fig. 32 Structure of color registers 
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(6) Half Character Width Color Select Mode 

By setting "1" to bit 4 in the CRT control register (address 
00EA 16 ) it is possible to specify colors in units of a half 
character size (vertical 16 dotsX horizontal 6 dots) for char- 
acters in block 1 only. 

In the half character width color select mode, colors of dis- 
play characters in block 1 are specified as follows: 



©The left half 'of the character is set to the color of the col- 
or register that is specified by bits 0 and 1 at the color 
register specifying addresses in the CRT display RAM 
(addresses 2080 16 to 2097 16 ). 

(2) The right half of the character is set to the color of the 
color register that is specified by bits 2 and 3 at the color 
register specifying address in the CRT display RAM 
(addresses 2080 16 to 2097 16 ). 



Color of the color register 


Color of the color register 




specified by bit 0 and bit 1 


specified by bit 0 and bit 1 


Block 1 


of address 2080 16 


of address 2081 16 





(a) Display in the normal mode 



Color of the color register 


Color of the color register 


Color of the color register 


Color of the color register 




specified by bit 0 and bit 1 


specified by bit 2 and bit 3 


specified by bit 0 and bit 1 


specified by bit 2 and bit 3 


Block 1 


of address 2080! 6 


of address 2080! 6 


of address 2081 16 


of address 2081 16 





(b) Display in the half character width color select mode 



Fig. 33 Difference between normal color select mode and half character width color select mode 
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(7) Multiline Display 

The M37202M3-XXXSP can normally display three lines on 
the CRT screen by displaying three blocks at different hori- 
zontal positions. 

In addition, it allows up to 16 lines to be displayed by using 
a CRT interrupt and display block counter. 
The CRT interrupt works in such a way that when display of 
one block is terminated, an interrupt request is generated. 
In other words, character display for a certain block is initi- 
ated when the scanning line reaches the display position 
for that block (specified with vertical and horizontal position 
registers) and when the range of that block is exceeded, 
an interrupt is applied. 

The display block counter is used to count the number of 
blocks that have just been displayed. Each time the display 
of one block is terminated, the contents of the counter are 
incremented by one. 

For multiline display, it is necessary to enable the CRT in- 
terrupt (by clearing the interrupt disable flag to "0" and set- 
ting the CRT interrupt enable bit=bit 4 at address 00FE 16 ) 
to "1"), then execute the following processing in the CRT 
interrupt handling routine. 



©Read the value of the display block counter. 

©The block for which display is terminated (i.e., the cause 
of CRT interrupt generation) can be determined by the 
value read in ©. 

(D Replace the display character data and display position 
of that block with the character data (contents of CRT 
display RAM) and display position (contents of vertical 
position and horizontal position registers) to be displayed 
next. 

Figure 34 shows the structure of the display block counter. 



7 0 
| | J I | I | | Display block counter 
I I I I (address 00EB 16 ) 



Indicates number of blocks that are 
bemgi displayed or were displayed 



Fig. 34 Structure of display block counter 



Block 1 



Block 2 



Block 3 



Count value Interrupt 
position 



Jf. 



Fig. 35 Timing of CRT interrupt and count value of display block counter 
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(8) Scanning Line Double Count Mode 

One dot in a displayed character is normally shown by one 
scanning line. In the scanning line double count mode, one 
dot can be shown by two scanning lines. As a result, the 
displayed dot is extended two times the normal size in the 
vertical direction only. (That is to say, the height of a char- 
acter is extended twofold.) 

In addition, because the scanning line count is doubled, the 
display start position of a character is also extended two- 
fold in the vertical direction. In other words, whereas the 
contents set in the vertical position register in the normal 
mode are 128 steps from 00 16 to 7F 16 , or four scanning lines 
per step, the number of steps in the scanning line double 
count mode is 64 from 00 16 to 3F 16) or eight scanning lines 
per step. 



If the contents of the vertical position register for a block 
are set in the address range of 40 16 to 7F 16 in the scanning 
line double count mode, that block cannot be displayed 
(not output to the CRT screen). 

In the scanning line double count mode can be specified 
by setting bit 6 in the CRT control register (address 
00EA 16 ) to "1". 

Because this function works in units of screen, even when 
the mode is changed the mode about the scanning line 
count during display of one screen, the double count mode 
only becomes valid from the time the next screen is dis- 
played. 

In the scanning line double count mode, the character bor- 
der function (explain in (9))cannot be used. 



Vertical position A 

> Scanning line 16 lines 



AX2 



Vertical position AX2 



> Scanning line 32 lines 



(a) Display in the normal mode 



(b) Display in the scanning line double count mode 



Fig. 36 Display in the normal mode and in the scanning line double count mode 
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(9) Character Border Function 

An border of a one clock (one dot) equivalent size can be 
added to a character to be displayed in both horizontal and 
vertical directions. However, the border is not displayed 
over the 1st line and under the 16th line. 
The border is output from the OUT pin. In this case, bits 4 
and 5 in the color register (contents output from the OUT 
pin) are nullified, and the border is output from the OUT 
pin instead. 



Table 10. The relationship between the value set in the border selection register and the character border function 



Border selection register 


Functions 


Example of output 


MDn1 


MDnO 


X 


0 


Normal 


R, G, B, I output ri 
OUT output _n_ 


0 


1 


Border including character 


R, G, B, 1 output PL- 
OUT output -J 1— 


1 


1 


Border not including character 


R, G, B, 1 output n 
OUT output —TUT- 



Border can be specified in units of block by using the bor- 
der select register (address 00E5 16 ) . Table 10 shows the 
relationship between the values set in the border select 
register and the character border function. Figure 38 shows 
the structure of the border select register. 




I is border 

I is display by character data 



I 



Border selection register 
(Address 00E5 16 ) 

Block 1 OUT output border selection bit 

0 : The same as R, G, B is output 

1 ." Border is output 

Block 1 output switch bit 

0 Border including character 

1 '. Border only 

Block 2 OUT output border selection bit 

0 : The same as R, G, B is output 

1 : Border is output 

■ Block 2 output switch bit 

0 '. Border including character 

1 : Border only 

- Block 3 OUT output border selection bit 

0 ! The same as R, G, B is output 

1 : Border is output 

- Block 3 output switch bit 

0 : Border including character 

1 : Border only 



Fig. 38 Structure of border selection register 



Fig. 37 Example of border 
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(10) CRT Output Pin Control 

CRT output pins R, G, B, I, and OUT are respectively 
shared with port P5 2 , P5 3> P5 4 , P5 5 , and P5 6 . When the cor- 
responding bits in the port P5 direction register are cleared 
to "0", the pins are set for CRT output; when the bits are 
set to "1", the pins function as port P5 (general-purpose 
output pins). 

The polarities of CRT outputs (R, G, B, I, and OUT, as well 
as Hsync and V SY nc) can be specified by using the CRT 
port control register (address 00EC 16 ). 
Use bits 0 to 4 in the CRT port control register to set the 
output polarities of H SY nc. V SY nc. R/G/B, I, and OUT. When 
these bits are cleared to "0", a positive polarity is selected; 
when the bits are set to "1", a negative polarity is selected. 
R, G, B, and OUT signal output can be swiched to MUTE 
signal output. MUTE signal can color all displaying area of 
CRT. 

The following is the explane of MUTE signal at MUTE sig- 
nal output from B output pin for example (refer to Figure 
40). 

When the MUTE signal is output from B output pin, the all 
displaying area of CRT is colored blue. Then, a character 
data is output from R output pin, for example. If B output pin 
and R output pin are set to "Character is output" by color 
register at the character "I" output, the output character is 
colored "RED" mixed "BLUE". In this case, OUT pin output 
is not influenced. 

At the character "O" output, if only R output pin is set to 
"Character is output", the output character is colored "RED" 
only that is not mixed "BLUE". 

However at above case, the OUT output pin is necessary to 
set "Character is output". 

The display screen can be also clear by setting the OUT 
pin to MUTE output. In this case, the MUTE signal is output 
from OUT pin, that is not influence the setting about OUT 
pin. 

R, G, and B output signals are controlled by bits 5 to 7 of 
CRT port control register, and OUT output signal is control- 
led by bit 7 (CS 7 ) of character size register. Then, I output 
pin don't have MUTE output function. 



TT 



] CRT port control register 
(address 00ECi 6 ) 

Hsync input polarity selection bit 

0 : Positive polarity 

1 : Negative polarity 

" Vsync input polarity selection bit 

0 Positive polarity 

1 ; Negative polarity 

- R/G/B output polarity selection bit 

0 I Positive polarity 

1 ' Negative polarity 

- I output polarity selection bit 

0 ! Positive polarity 

1 Negative polarity 

- OUT output polarity selection bit 

0 : Positive polarity 

1 '. Negative polarity 

- R pin output selection bit 

0 ." R signal output 

1 : MUTE signal output 

■ G pin output selection bit 

0 : G signal output 

1 I MUTE signal output 

- B pin output selection bit 

0 : B signal output 

1 : MUTE signal output 



Fig. 39 Structure of CRT port control register 
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INTERRUPT INTERVAL DETERMINATION 
FUNCTION 

The M37202M3-XXXSP incorporates an interrupt interval 
determination circuit. This interrupt interval determination 
circuit has an 8-bit binary counter as shown in Figure 41. 
Using this counter, it determines a duration of time from the 
rising transition (falling transition) of an input signal pulse 
on the INT1 or INT2 to the rising transition (falling 
transition) of the signal pulse that is input next. 
The following describes how the interrupt interval is deter- 
mined. 

1 . The interrupt input to be determined (INT1 input or 
INT2 input) is selected by using bit 2 in the interrupt 
interval determination control register (address 
00D8 16 ). When this bit is cleared to "0", the INT1 input 
is selected; when the bit is set to "1", the INT2 input is 
selected. 

2: When the INT1 input is to be determined, the polarity 
is selected by using bit 3 in the interrupt interval deter- 
mination control register; when the INT2 input is to be 
determined, the polarity is selected by using bit 4 in 
the interrupt interval determination control register. 
When the relevant bit is cleared to "0", determination is 
made of the interval of a positive polarity (rising 



5. 



6. 



transition); when the bit is set to "1", determination is 
made of the interval of a negative polarity (falling 
transition). 

The reference clock is selected by using bit 1 in the 
interrupt interval determination control register. When 
the bit is cleared to "0", a 64/is clock is selected; when 
the bit is set to "1", a 32/; s clock is selected (based on 
an oscillation frequency of 4MHz'in either case). 
Simultaneously when the input pulse of the specified 
polarity (rising or falling transition) occurs on the INT1 
pin (or INT2 pin), the 8-bit binary counter starts count- 
ing up with the selected reference clock (64/is or 32 
jus). 

Simultaneously with the next input pulse, the value of 
the 8-bit binary counter is loaded into the determina- 
tion register (address 00D7 16 ) and the counter is im- 
mediately reset (00 16 ). The reference clock is input in 
succession even after the counter is reset, and the 
counter restarts counting up from "00 16 " 
When count value "FE 16 " is reached, the 8-bit binary 
counter stops counting. Then, simultaneously when the 
reference clock is input next, the counter sets value 
"FF 16 " to the determination register. 



32/; s 



64/* s 



REi 



IN IZ 



RE 2 



Control 
circuit 



RE 0 



8-bit binary up counter 



Interrupt interval determination circuit 



Address 00D7 16 



Data bus 



Fig. 41 Block diagram of interrupt interval determination circuit 
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7 0 

Interrupt interval determination control register ". RE 
1 1 I I 1 1 1 I (Address 00D8 16 ) 

Remote control determination circuit operation bit 

0 : Operation stop 

1 Operation start 

' Standard clock selection bit 

0 : 64jus (Atf(X IN )=4MHz) 

1 : 32ms (Atf(X, N )=4MHz) 

External interrupt input pin selection bit 

0 : INT1 

1 : INT2 

' INT1 pin input polarity switch bit 

0 '. Positive polarity 

1 Negative polarity 

' INT2 pin input polarity switch bit 

0 ' Positive polarity 

1 : Negative polarity 



Fig. 42 Structure of interrupt interval determination control register 
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RESET CIRCUIT 

The M37202M3-XXXSP is reset according to the sequence 
shown in Figure 45. It starts the program from the address 
formed by using the content of address FFFF 16 as the high 
order address and the content of the address FFFE 16 as the 
low order address, when the RESET pin is held at "L" level 
for no less than 2/2S while the power voltage is 5V±10% 







Address 














(1) 


Port PO direction register 


(0 0 C 1 16 )- 


• 




0016 








(2) 


Port P1 direction register 


(0 0C3, 6 ) 


• 




oo 16 








(3) 


Port P2 direction register 


(0 0 C 5 16 ) 






oo 16 








(4) 


Port P3 direction register 


(0 0C7 16 ) 


*l I ° 


0 


0 0 


0 


0 


0 


(5) 


Port P4 direction register 


(0 0C9 16 ) 


| 




00 16 








(6) 


Port P5 direction register 


(0 0CB 16 ) 


•| | 0 


0 


0 0 


0 






(7) 


Port P6 direction register 


(0 0CD 16 ) 






00! 6 








(8) 


PWM output control register 1 


(0 0 D 5i 6 ) 




0 


0 0 


0 


0 


0 


(9) 


PWM output control register 2 


(0 0 D 6 16 ) 


• 




0 0 


0 






(10) 


Interrupt interval 
determination control register 


( 0,0 D 8 16 ) 


• 




0 0 


0 


0 


0 


(11) 


Special mode register 1 


( 0 0 D A 16 ) 


0 | 0 


0 




0 


0 


0 


(12) 


Special mode register 2 


( 0 0 D B 16 ) 






00,6 








(13) 


Serial I/O mode register 


( 0 0 D E 16 ) 




0 


0 0 


0 


0 


0 


(14) 


Horizontal position register 


(0 0 E 0, 6 )- 


• 


0 


0 0 


0 


0 


0 


05) 


Character size register 


(0 0 E 4 16 )- 


0 












(16) 


Color register 0 


(00E6J 




0 


0 0 


0 


0 


0 


(17) 


Color register 1 


( 0 0 E 7 16 ) 




0 


0 0 


0 


0 


0 


(18) 


Color register 2 


(0 0 E 8 16 )- 




0 


0 0 


0 


0 


o| 


(19) 


Color register 3 


(0 0 E 9 16 )- 


• 


0 


0 0 


0 


0 


0 


(20) 


CRT control register 


( 0 0 E A 16 ) 






00 16 








(21) 


Display block counter 


(0 0 E B 16 ) 






0 


0 


0 


0 


(22) 


CRT port control register 


( 0 0 E C 16 ) 






00 16 








(23) 


A-D control register 


(0 0 E F 16 )- 


1 0 


0 


0 1 0 


0 


0 


0 


(24) 


Timer 1 


(0 0 F 0 16 ) 






FF 16 








(25) 


Timer 2 


(0 0 F 1 16 )- 






07 16 








(26) 


Timer 3 


(0 0 F 2 16 ) 






FF 16 








(27) 


Timer 4 


(OOF 3 16 )' 






07 16 








(28) 


Timer 12 mode register 


( 0 0 F 4 16 ) 






0 0 


0 


0 


0 


(29) 


Timer 34 mode register 


(0 0 F 5 16 ) 






0 0 


0 


0 


0 


(30) 


CPU mode register 


( 0 0 F B 16 ) 


1 1 1 


1 


1 1 


1 


0 


0 


(31) 


Interrupt request register 1 


( 0 0 F C 16 ) 




0 


0 0 


0 


0 


0 


(32) 


Interrupt request register 2 


(OOF D 16 ) 






0 0 




0 


0 


(33) 


Interrupt control register 1 


( 0 0 F E 16 ) 




0 


0 0 


0 


0 


0 


(34) 


Interrupt control register 2 


( 0 0 F F 16 ) 






0 0 




0 


0 


(35) 


Processor status register 


(PS) 








1 






(36) 


Program counter 


(PC H ) 


I Contents of ac 
FFFF16 









(PC L 



Note . Since the contents of both registers other than those listed 

above and the RAM are undefined at reset, it is necessary to 
set initial values 

At reset, "0" is read from all bits which is not used 



and the crystal oscillator oscillation is stable and then re- 
turned to "H" level. The internal initializations following re- 
set are shown in Figure 43. 

An example of the reset circuit is shown in Figure 44. The 
reset input voltage must be kept below 0.6V until the supp- 
ly voltage surpasses 4.5V. 



Supply voltage 0V - 



Reset input 

voltage 0V 




M51953AL 



29 



0.1/iF 



32 



RESET 



M37202M3-XXXSP 



Fig. 44 Example of reset circuit 



Fig. 43 Internal state of microcomputer at reset 
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f(x 1N ) JIT 



--JLW 



<t> 




RESET f 



Internal RESET 



SYNC 



Address 



Reset address from the vector table 



Data 




32768 count of f(X, N ) (Note 3) 



Note 1 Frequency relation of f(X tN ) and <t> is f(X, N )=2 • $ 

2 : The mark " ? " means that the address is change- 

able depending on the previous state 

3 .* Immediately after a reset, FF 16 is automatically set 

in timer 3 and 07 16 in timer 4 and timer 4, timer 3 
and the clock (f(X, N ) divided by 16) are con- 
nected in series 

Reset state is canceled by the overflow signal of 
timer 4 



Fig. 45 Timing diagram at reset 
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I/O PORTS 

(1) PortPO 

Port PO is an 8-bit I/O port with CMOS output. 
As shown in the memory map (Figure 2), port PO can 
be accessed at zero page memory address 00C0 16 . 
Port PO has a directional register (address 00C1 16 ) 
which can be used to program each individual bit as 
input ("0") or as output ("1"). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 
Depending on the contents of the processor mode bits 
(bit 0 and bit 1 at address 00FB 16 ) , three different 
modes can be selected; single-chip mode, memory ex- 
pansion mode and microprocessor mode. 
In these modes it functions as address (A 7 to A 0 ) out- 
put port (excluding single-chip mode) . For more de- 
tails, see the processor mode information. 

(2) Port P1 

In single-chip mode, port P1 has the same function as 
port PO. In other modes, it functions as address (A 15 to 
A 8 ) output port. 

Refer to the section on processor modes for details. 

(3) Port P2 

In single-chip mode, port P2 has the same function as 
port PO. In other modes, it functions as data (D 0 to D 7 ) 
input/output port. Refer to the section on processor 
modes for details. 

(4) PortP3 

Port P3 is an 7-bit I/O port with function similar to port 
PO, but the output structure of P3 0) P3i is CMOS output 
and P3 2 to P3 6 is N-channel open drain. 
P3 2 , P3 3 are in common with the external clock input 
pins of timer 2 and 3. 

P3 4 , P3 6 are in common with the external interrupt input 
pins INT1, INT2 and P3 5 , P3 6 with the analog input pins 
of A-D converter A-D1, A-D2. 

In the microprocessor mode or the memory expanding 
mode, P3 0 , P3 A works as R/W signal output pin and 
SYNC signal output pin. 



(5) PortP4 

Port P4 is an 8-bit I/O port with function similar to port 
PO, but the output structure is N-channel open drain 
output. 

All pins have program selectable dual functions. When 
a serial I/O function is selected, P4 4 to P4 7 work as in- 
put/output pins of serial I/O. 

In the special serial I/O mode, P4 4 , P4 5 work as SDA, 
SCL pins. 

(6) OSC1, OSC2 pins 

Clock input/ output pins for CRT display function. 

(7) Hsync. Vsync pins 

Hsync is a horizontal synchronizing signal input pin for 
CRT display. 

Vsync is a vertical synchronizing signal input pin for 
CRT display. 

(8) R, G, B, I, OUT pins 

This is an 5-bit output pin for CRT display and in com- 
mon with P5 2 to P5 6 . 

(9) Port P6 

Port P6 is an 8-bit I/O port with function similar to port 
PO, but the output structure is N-channel open drain 
output. 

P6 0 to P6 3 are in common with 8-bit PWM output pin 
PWMO to PWM 3. 

(10) D-Apin 

This is a 14-bit PWM output pin. 
01) 0pin 

The internal system clock (1/2 the frequency of the 
oscillator connected between the X jN and X 0 ut pins) is 
output from this pin. If an STP or WIT instruction is ex- 
ecuted, output stops after going "H". 
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Port PO, P1, P2, P3 0 , P3, 



Data bus 



Direction register 



Port latch 



Port P3 2 to P3 6 , P4 4> P4 5 , P6 4( P6 5 



Data bus - 



Direction register 



Port P4 0 to P4 3> P4 6 , P4 7> P6 0 to 



P6 3l P6 6) P6 7 



Data bus 



Direction register 



Port latch 



"sync, vsync 



Schmitt input 



m 



t 




CMOS tri-state output 



Port PO, P1, P2, P3 0 , P3 t 



>1 



-e- 



N-channel open dram output 



-o 



Port P3 2 to P3 6) P4 4 , P4 5 , P6 4 , P6 5 



Note .* P3 2) P3 3 may also be used as 
fir timer inputs 

P3 4 , P3 6 may also be used as 
external interrupt inputs 
P3 5> P3 6 , P6 4 , P6 5 may also be 
used as input pins for A-D converter 
P4 4 , P4 5 may also be used as 
serial I/O pins 



N-channel open dram output 

■Q Port P4 0 to P4 3> P4 6) P4 7) P6 0 to 
P6 3 , P6 6) P6 7 
Note '. P6 0 to P6 3 may also be used aj 
8-bit PWM output pins 
P4 6 , P4 7 may also be used as 
serial I/O pins 



D-A, 4>, R, G, B, I, OUT 



Hsync. Vsync 



Hp 



CMOS output 



-Q D-A, 4>, R, G, B, I, OUT 



m 



Note : R, G, B, I, OUT, may also be 
used as port P5 2 to P5 6 



Fig. 46 Block diagram of port PO to P6, H SY nc, V SY nc (single-chip mode) and output format of D-A, R, G, B, I OUT 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 0 
and 1 at address 00FB 16 ), three different operation modes 
can be selected; single-chip mode, memory expansion 
mode, and microprocessor mode. 

In the memory expansion mode and the microprocessor 
mode , ports PO to P3 can be used as address, and data in- 
put/output pins. 

Figure 48 shows the functions of ports P0~P3. 
The memory map for the single-chip mode is shown in Fi- 
gure 1 and for other modes, in Figure 47. 
By connecting CNV SS to V ss , all three modes can be 
selected through software by changing the processor mode 
bits. Connecting CNV SS to V cc automatically forces the 
microcomputer into microprocessor mode. 
The three different modes are explained as follows: 



(1) Single-chip mode [00] 

The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNV SS is con- 
nected to V S s- Ports PO to P3 will work as original I/O 
ports. 

(2) Memory expansion mode [01) 

When CNVss is connected to V S s and the processor 
mode bits are set to "01", the microcomputer will auto- 
matically default to this mode. This mode is used to 
add external memory when the internal memory is not 
sufficient. 

In this mode, port PO and port P1 are as a system 
address bus and the original I/O pin function is lost. 
Port P2 becomes the data bus of D 7 to D 0 (including 
instruction code) and loses its normal I/O function Port 
P3 0 and P3^ works as R/W and SYNC. 

(3) Microprocessor mode [10) 

The microcomputer will be placed in the microp- 
rocessor mode after connecting CNV SS to V cc or initiat- 
ing a reset or connecting CNV SS to V ss and the proces- 
sor mode bits are set to "10". In this mode, the internal 
ROM is inhibited so the external memory is required 
Other functions are same as the memory expansion 
mode. The relationship between the input level of 
CNVss and the processor mode is shown in Table 11. 

Note : Use the M37202M3-XXXSP in the microprocessor 
mode or the memory expansion mode only at 
program development. 

The standards is assured only in the single-chip 
mode. 



ffff 1( 



D000 1( 



4000, 6 
2000 16 



0140 ie 



0100 ie 
00C0 16 



0000! f 



Internal ROM 



Memory for 

display 



Internal RAM 



Special function 
registers 



Internal RAM 



Memory expansion 
mode 




0140 1£ 



0100 16 
00C0 16 

0000 16 



Internal RAM 



Special function 
registers 



Internal RAM 



Microprocessor mode 
The shaded area is external memory area 



Fig. 47 Example memory area in processor mode 
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Single-chip 
mode 



Memory expansion 
mode 



Microprocessor 
mode 



Port PO 



j — i_r 



Ports P0 7 to P0 0 



x 



I/O port 



d — L_T 



Ports P0 7 to P0 0 



X 



Address 

A 7 to A 0 



Same as left 



Port P1 



«J 



1 r 



Ports P1 7 to P1 0 



I/O port 



I 



1 r 



Ports P1 7 to P1 0 

Address 
A 15 to A 8 



Same as left 



»j i__r 



Ports P2 7 to P2 0 



X 



I/O port 



d — i r 



Ports P2 7 to P2 0 



>/ Data \ 



Same as left 



Port P3 



d L 



X 



Ports P3 6 to P3 2 



I/O port 



X 



Port P3j 



I/O port 



X 



Port P3 0 



I/O port 



1 r 



Ports P3 6 to P3 2 



X 



I/O port 



Port P3t 



X 



SYNC 



X 



Port P3 0 



R/W 



X 



Same as left 



Fig. 48 Processor mode and function of ports PO to P3 
Table 11. Relationship between CNV SS pin input level and processor mode 



CNVss 


Mode 


Explanation 


V S s 


• Single-chip mode 

• Memory expansion mode 

• Microprocessor mode 


The single-chip mode is set by the reset All modes can be selected by changing the pro- 
cessor mode bit with the program. 


Vbc 


• Microprocessor mode 


The microprocessor mode is set by the reset 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
51. 

When an STP instruction is executed, the internal clock <f> 
stops oscillating at "H" level. At the same time, timer 3 and 
timer 4 are connected automatically and FF 16 is set in the 
timer 3, 07 16 is set in the timer 4, and timer 3 count source 
is forced to f (X, N ) divided by 16. This connection is cleared 
when an external interrupt is accepted or the reset is in, as 
discussed in the timer section 

The oscillator is restarted when an interrupt is accepted. 
However, the clock 0 keeps its "H" level until timer 4 over- 
flows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 
When the WIT instruction is executed, the clock 4> stops in 
the "H" level but the oscillator continues running. This wait 
state is cleared when an interrupt is accepted. Since the 
oscillation does not stop, the next instructions are executed 
at once. 

To return from the stop or the wait status, the interrupt en- 
able bit must be set to "1" before executing STP or WIT in- 
struction. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 49. 



The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock usage is shown in Figure 50 
X tN is the input, and Xqut is open. 



M37202M3-XXXSP 



30 



1MH 



4-C,k 



itr 



31 

: Rd 



Fig. 49 External ceramic resonator circuit 



M37202M3-XXXSP 


X 


IN 


30 ' 





External oscillating 
circuit 



V C c 



V ss 



uult 



Fig. 50 External clock input circuit 



Interrupt request - 



Interrupt 
disable flag I 




STP instruction ~ 



S Q 



WIT 

instruction 



S Q 


n 


Q S 


R 






R 



Reset 



R — STP instruction 



o 6 

X|N X 0 Mi 



1/2 






1/8 





o 



Internal clock <t> 



T34M 0 



o 

P3 3 /TIM3 




Timer 3 




Timer 4 





T34M 2 



Fig. 51 Block diagram of clock generating circuit 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer is 1/(n+1 ). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program) , those instruction are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as an NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) After the ADC and SBC instructions are executed (in 
decimal mode) , one instruction cycle (such as an 
NOP) is needed before the SEC, CLC, or CLD instruc- 
tions are executed. 

(4) An NOP instruction must be used after the execution of 
a PLP insturction. 

(5) In order to avoid noise and latch-up, connect a bypass 
capacitor (~0.1aF) directly between the V cc pin and 
V S s pin using a heavy wire. 



DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1) mask ROM order confirmation form 

(2) mark specification form 

(3) ROM data • EPROM 3 sets 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s 

Output transistors are at "off" state 


—0. 3 to 6 


V 




Input voltage CNV S s 


—0. 3 to 6 


V 


v, 


Input voltage P0 0 -P0 7 , PI0-PI7. P2o-P2 7 , 
P3 0 -P3 6 , P4 0 -P4 7 , P60-P67, 
HsynCi Vsync. RESET 


—0. 3 to Vcc+0. 3 


V 


Vo 


Output voltage P4 0 -P4 3 , P4 6> P4 7 , P6 0 -P6 3 , 
P6 6 , P6 7 


—0. 3 to 13 


V 


Vo 


Output voltage P0 0 -P0 7l PI0-PI7. P2o-P2 7 , 
P3 0 -P3 6 , P4 4> P4 5l P6 4 , P6 5 , 
R, G, B, I, OUT, D-A, X 0U t, OSC2 


—0. 3 to Vcc+0. 3 


V 


'oh 


Circuit voltage R, G, B, I, OUT, P0 0 -P0 7> 
P1 0 -P1 7> P2 0 -P2 7) 
P3 0 , P3 1f D-A 




0 to KNote 1 ) 


mA 


'oL1 


Circuit voltage R, G, B, I, OUT, P0 0 -P0 7 , 
PI0-PI7. P2 0 -P2 3 , 
P3 0 -P3 6 , P6 4 , P6 5 , D-A 




0 to 2( Note 2) 


mA 


'oL2 


Circuit voltage P4 0 -P4 3 , P4 6 , P4 7> P6 0 -P6 3 , P6 6 , P6 7 




0 to KNote 2) 


mA 


•oL.3 


Circuit voltage P2 4 -P2 7 




0 to 10(Note 3) 


mA 


'oL4 


Circuit voltage P4 4l P4s 




0 to 3(Note 2) 


mA 


Pd 


Power dissipation 


T a =25°C 


550 


mW 


Topr 


Operating temperature 




-10 to 70 


°C 


T stg 


Storage temperature 




—40 to 125 


°C 



RECOMMENDED OPERATING CONDITIONS (V CC =5V±10%, T a =-10 to 70C unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage(Note 4) During the CPU and CRT operation 


4.5 


5.0 


5.5 


V 


V SS 


Supply voltage 


0 


0 


0 


V 


V, H 


"H" input voltage P0 0 -P0 7 , PI0-PI7. P2 0 -P2 7 , 
P3 0 -P3 6 , P4 0 -P4 3 , P4 6 , P4 7 , 
P6o-P6 7 , Hsync> Vsync. RESET, 
X| N , OSC1 


0. 8V CC 




Vcc 


V 


V, H 


"H" input voltage P4 4 , P4 5 


0. 7V CC 




Vcc 


V 


V| L 


"L" input voltage P0 0 -P0 7 , P1 0 -P1 7 , P2 0 -P2 7 , 

P3 0) P3l P3 5> P4 0 -P4 3 , P4 7l P6 4) P65 


0 




0. 4V CC 


V 


V, L 


"L" input voltage P3 2 -P3 4> P3 6 , P4 6 , H S ync. V S ync, 
RESET, X| N , OSC1 


0 




0. 2V CC 


V 


v, L 


"L" input voltage P4 4 , P4 5 


0 




0. 3V CC 


V 


•oH 


"H" average output current (Note 1 ) R,G,B,I,OUT,P0 0 -P0 7> 
PI0-PI7, P2 0 -P2 7 , P3 0 , P3, 






1 


mA 


'oL1 


"L" average output current (Note 2) R,G,B,l,OUT,POo-P0 7l 
P2(rP2 3 , P3 0 -P3 6 , P6 4 , P65, D-A 






2 


mA 


'0L2 


"L" average output current (Note 2) P4 0 -P4 3 , P4 6 , P4 7 , 
P6 0 -P6 3 , P6 6 , P6 7 






1 


mA 


'oL3 


"L" average output current (Note 3) P2 4 -P2 7 






10 


mA 


•oL4 


"L" average output current (Note 2) P4 4 , P4 5 






3 


mA 


fcpu 


Oscillating frequency (for CPU operation) (Note 5) 


3.6 


4.0 


4.4 


MHz 


fcRT 


Oscillating frequency (for CRT display) 


6.0 


7.0 


8.0 


MHz 


fhs 


Input frequency P3 2 -P3 4 , P3 6 , P4 5 (S C lk) 






100 


kHz 


fhs 


Input frequency P4 5 (Sclk) 






1 


MHz 



Note 1 : The total current that flows out of the IC should be 20mA (max ) 

2 : The total of l OL1 , l 0 i_2 and l 0 L4 should be 30mA (max ) 

3 '. The total current of port P2 4 -P2 7 should be 20mA (max ) 

4 : Apply 0. 022/uF or greater capacitance externally between the V cc — V ss power supply pins so as 

to reduce power source noise 

Also apply 0. 068// F or greater capacitance externally between the V cc — CNV SS pins 

5 : Use a quartz crystal oscillator or a ceramic resonator for CPU oscillation circuit 



A 
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ELECTRIC CHARACTERISTICS (V C c=5V±10%, V ss =0V, T a =-10 to70°C, f(X, N )=4MHz unless other wise noted) 



Symbol 


Para motor 
r dial licit? I 


T©st conditions 


Limits 


Unit 


Min 


Typ 


Max 


'cc 


Supply current 


V cc =5. 5V, f(X, N )=4MHz 
CRT OFF 




10 


20 


mA 


V cc =5. 5V, f(X JN )=4MHz 
CRT ON 




20 


30 


At stop mode 






300 


juA 


V OH 


"H" output voltage P0 0 -P0 7 , PI0-PI7. P2 0 -P2 7 , 
P3 0 , P3i, R, G, B, I, OUT 


V cc =4. 5V 
Ioh— ~0. 5mA 


2.4 






V 


Vol 


"L" output voltage P0 0 -P0 7 , PVPI7, P2 0 -P2 3 , 
P3 0 -P3 6l P6 4> P6 5 , 4>, 
R, G, B, I, OUT, D-A 


»cc — ov 
Iol— 0- 5mA 






0.4 


V 


"L" output voltage P4 0 -P4 3 , P4 6 , P4 7 , 
P6 0 -P6 3> P6 6> P6 7 


Vcc=4. 5V 
Iol = 0- 5mA 






0. 4 


"L" output voltage P2 4 -P2 7 


V cc =4. 5V 
l O L=10mA 






3.0 


"L" output voltage P4 4l P4 5 


V cc =4. 5V 
l 0 L=3mA 






0.4 


V t +-V t - 


Hysteresis RESET 


V cc =5. 0V 




0.5 


0.7 


V 


Hysteresis (Note 1 ) H S ync> V SY nc> P32-P3 4 , 
P3 6 , P4 4 -P4 6 


V cc =5. 0V 




0.5 


1.3 


'OZH 


"H" input leak current RESET, P0 0 -P0 7 , PI0-PI7, 
P2 0 -P2 7 , P3 0 -P3 6 , P4 4 , P4 5 , P6 4 , P65 


V cc =5. 5V 
V 0 =5. 5V 






5 


U A 


"H" input leak current P4 0 -P4 3 , P4 6 , P4 7 , 
P6 0 -P6 3 , P6 6 , P6 7 


V cc =5. 5V 
V 0 =12V 






10 


'OZL 


"L" input leak current RESET, P0 0 -P0 7 , 
P1 0 -P1 7 , P2 0 -P2 7 , P3 0 -P3 6 , 
P4 0 -P4 7 , P6 0 -P6 7 


V cc =5. 5V 
V o =0V 






5 


U A 



Note 1 . P3 2 -P3 4 , P3 6 have the hysteresis when these pins are used as interrupt input pins or timer input pins. 
P4 4 -P4 6 have the hysteresis when these pins are used as serial I/O ports 
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DESCRIPTION 

The M37204M8-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP. This single-chip micro- 
computer is useful for the high-tech channel selection sys- 
tem for TVs. 

In addition to their simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

Its screen display function enables it to display channel 
number and time as well. 



FEATURES 



69 

•32768 bytes 
••••512 bytes 



• Number of basic instructions 

• Memory size ROM 

RAM 

• Instruction execution time 

1,us (minimum instructions at 4MHz frequency) 

• Single power supply 5V±10% 

• Power dissipation 

normal operation mode (at 4MHz frequency) 
110mW (V C c=5.5V, CRT display) 

• Subroutine nesting 96 levels (maximum) 

• Interrupt 13types, 13vectors 

• 8-bit timer 4 

• Programmable I/O ports 

(Ports PO, P1, P2, P3, P4, P6) 47 

• Output port (Port P5) 5 

• Serial I/O (8-bit) 2 

• PWM function 14-bitXl 

8-bitX10 

• A-D converter (6-bit resolution) 8 channels 

• CRT display function 

Display characters 24 charactersX3 lines 

(16 lines maximum) 

Kinds of character types 254 kinds 

Dot structure 12X16 dots 

Character size 4 kinds 

Kinds of color Maximum 15 kinds (R, G, B, I) 

Character unit/border/laster can be specified 
Display layout 

Horizontal 64 levels 

Vertical 1 28 levels 



PIN CONFIGURATION (TOP VIEW) 


AD4/P7 0 /OSC1 — ► |T 




ED*- v cc 


AD5/P7 1 /OSC2 +* [T 




63]*— Hsync 


nn /lllTO/ArvO jj.r? 

Po6' INT^/AD*: ■*■*■ 1 3 




HI *~ VsynC 


P3 5 /AD1 *+ \7 




fj] R/P5 2 


P3 4 /INT1 **[T 




60]-^ G/P5 3 


Ar\o/nv a - 1 c 
AUo/U-A •*-»■ 1 o 




cnl k. D / DC 

09J —*■ B/PO4 


P60/PWMO ** [T 




58]-> l/P5 5 /TIM1 


P6!/PWM1 




57j— OUT/P5 6 


Po 2 /PWM2 ■*-*■ uj. 




56] +> P0 0 


P6 3 /PWM3 +*• [jo 




ID**- PO1 


r04/rWM4 |i I 




54)"**" P0 2 


P65/PWMO 1 12 




53] ** P0 3 


P6e/PWM6 (jj 




52] P0 4 


P67/PWM7 — *■ Q4 


cS 


13 po 5 


P33/TIM3-^»-01 


ro 

2 


IS-** P0 6 


AD6/P3 2 /TIM2 1 10 




P0 7 


P3i**[l7 


00 


m^pi 0 


P3o**[H 


X 
X 


13** pii 


P4 7 /Sr DY2 /PWM8 01 


XSP 


3§|+* pi 2 


P4 6 /S, N2 /PWM9**H 


H**pi 3 


P4 5 /ScLK2^Hi 




ID** pi 4 


P44/SoUT2^H 




l-pis 


AD7/P4 3 /S RD yi~H 




m~pi 6 


AD8/P4 2 /S IN1 




m^pi 7 


PVSclki— H 




40]<m>P2 0 


P4 0 /Souti**I1 




m^P2 1 


CNV SS -*I1Z 




U^P2 2 






m~p2 3 


RESET — H 




H^P2 4 






U^P2 5 


XoUT^-E 




34)^P2 6 


V ss -|32 




U**P2 7 


Outline 64P4B 



APPLICATION 

TV 
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iz 
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512 bytes 
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lZ 



Program counter 
PC H (8) 



TV 



1L 



7S 



Program counter 
PC L (8) 



ROM 
32768 bytes 



8-bit 
Arithmetic 
and logical 
unit 



Accumulator 
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T\ 



iz 



Processor 
status 
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7\ 
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7Y 
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,INT1^INT2 
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SI/01 (8) 



XZ 



SI/02(8) 



\7 
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circuit 
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FUNCTIONS OF M37204M8-XXXSP 



Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


]/us (minimum instructions, at 4MHz frequency) 


Clock frequency 


4MHz 


Memory size 


ROM 


32768 bytes 


RAM 


512 bytes 


Input/Output ports 


PO, P1, P2 


I/O 


8-bitX3 


P3 0 , P3i 


I/O 


2-bitX1 


P3 2 -P3 6 


I/O 


5-bitX 1 (can be used as timer input pins, INT1, INT2 input pins and A-D 
input pins) 


P4 


I/O 


8-bitX 1 (can be used as serial I/O function pins and PWM output pins 
and A-D input pins) 


P5 


Output 


5-bitXl (can be used as R, G, B, 1, OUT pins) 


P6 


I/O 


8-bitX1 (can be used as PWM output pins) 


Serial I/O 


8-bitX2 (Special serial I/O (8-bit)X1 ) 


Timers 


8-bit timerX4 


Subroutine nesting 


96levels (maximum ) 


Interrupt 


Two external interrupts, nine internal interrupts, 
one software interrupt 


Clock generating circuit 


Two built-in circuits (externally connected ceramic or quartz crystal oscillator) 


Supply voltage 


5V±10% 


Power dissipation 


at CRT display ON 


110mW (clock frequency X, N =4MHz, V cc =5. 5V, Typ ) 


at CRT display OFF 


55mW (clock frequency X| N =4MHz, V C c = 5. 5V, Typ ) 


at stop mode 


1. 65mW (Maximum ) 


Input/Output characteristics 


Input/Output voltage 


12V (Ports P4 6 , P4 7 , P6 0 -P6 7 ) 


Output current 


10mA (Ports P2 4 -P2 7 ) 


Operating temperature range 


-10to70°C 


Device structure 


CMOS silicon gate process 


Package 


M37204M8-XXXSP 


64-pin shrink plastic molded DIP 


CRT display function 


Display characters 


24 charactersX3 lines (maximum 16 lines in program) 


Dot structure 


12X16 dots 


Kinds of character types 


254 kinds 


Character size 


4 kinds 


Kinds of color 


Maximum 15 kinds (R, G, B, I) 


Display layout 


Holizontal 64 levels 
Vertical 128 levels 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc. 
V ss 


Supply voltage 




Power supply inputs 5V±10% to Vcc, and OV to V S s- 


CNV SS 


CNVss 




This is connected to Vss 


RESET 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2^s (under normal V C c 
conditions) 

If more time is needed for the crystal oscillator to stabilize, this "L" condition should be maintained for the 
required time 




Clock input 


Input 


This chip has an internal clock generating circuit To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the X| N and X 0 ut pms If an external clock is used, the clock 
source should be connected the X| N pin and the Xout pm should be left open 


XoUT 


Clock output 


Output 




Timing output 


Output 


This is the timing output pin 


po 0 — P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with direction register allowing each I/O bit to be individually programmed as 
input or output At reset, this port is set to input mode The output structure is CMOS output 


P10-P-I7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO 


P2 0 -P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO 


P3 0 -P3 6 


I/O port P3 


I/O 


Port P3 is a 7-bit I/O port and has basically the same functions as port PO, but the output structure of P3 0 , 
P3i is CMOS output and the output structure of P32 — P36 is N-channel open drain. 

P32, P33 are in common with external clock input pins of timer 2 and 3 P3 4 , P3 6 are in common with exter- 
nal interrupt input pins INT1 and INT2 P3 2 , P3s, P3 6 are in common with analog input pins of A-D converter 
(A-D6, A-D1, A-D2). 


P4 0 -P4 7 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port and has basically the same functions as port PO, but the output structure is 
N-channel open drain 

When serial 1/01 is used,P4 0 , P4i, P4 2 and P4 3 work as S 0 uti> S C lki. S !N1 and Srdyi pms, respectively 
When serial I/02 is used, P44, P4s, P46 and P47 work as Sout2. Sclk2. Sin2 and Srdy2 pms, respectively 
When special serial I/O is used, P4 4 and P4 5 work as SDA and SCL pins, respectively Also P4 6 , P4 7 are in 
common with PWM output pins of PWM 9 and PWM 8 P4 2 , P4 3 are in common with analog input pins of 
A-D converter (A-D8, A-D7). 


P6 0 -P6 7 


I/O port P6 


I/O 


Port P6 is an 8-bit I/O port and has basically the same functions as port PO, but the output structure is 
N-channel open drain This port is in common with PWM output pins PWMO— PWM7 


OSC1, 
OSC2 


Clock input for CRT 
display 

Clock output for CRT, 
display 


Input 
Output 


This is the I/O pins of the clock generating circuit for the CRT display function 

0SC1 and 0SC2 pins are in common with analog input pins of A-D converter (A-D4, A-D5) 


HSYNC 


Hsync input 


Input 


This is the horizontal synchronizing signal input for CRT display 


V S YNC 


Vsync input 


Input 


This is the vertical synchronizing signal input for CRT display 


R, G, B, 
I, OUT 


CRT output 


Output 


This is a 5-bit output pin for CRT display The output structure is CMOS output This is in common with port 
P5 2 -P5 6 


D-A 


DA Output 


Output 


This is an output pin for 14-bit PWM, and in common with analog input pin of A-D converter (A-D3) 
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FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 

The M37204 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 



CPU Mode Register 

The CPU mode register is allocated to address 00FB 16 . Bits 
0 and 1 of this register are processor mode bits. This regis- 
ter also has a stack page selection bit. 
Page 1 (addresses 0100 16 to 01FF 16 ) is normally used as a 
stack area. The zero page (addresses 0000 16 to 00BF 16 ) 
can also be used by setting bit 2 of the CPU mode register 
(address 00FB 16 ) to "0". 



CPU mode register (address 00FB 16 ) 



Processor mode bits 
0 0 '. Single-chip mode 

0 1 : Memory expansion mode 

1 0 : Microprocessor mode 
1 1 : Disable 



■ Stack page selection bit 

0 : 0 page 

1 : 1 page 

System clock output selection bit (Note 1 ) 

0 '. Stop (reset-out output) 

1 '. System clock output 



Note 1 This bit is only valid in single-chip mode And it output the system clock at the other mode 



Fig. 1 Structure of CPU mode register 
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MEMORY 

• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 

• RAM 

RAM is used for data storage as well as a stack area. 

• ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 

• CRT display RAM 

CRT display RAM is used for specifing the character codes 
and colors to display. v 



• CRT display ROM 

CRT display ROM is used for storing character data. 

• Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 

• Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

• Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 



RAM 

(256 bytes) 



RAM 

(192 bytes) 

| 00BF 16 
00C0 16 

00FF 16 
0100 16 

01FF 16 
' 0200 16 
020A 16 

RAM I 0300 ^ 
(64 bytes) I 033Fi6 

CRT display RAM I 2 000 16 
(216 bytes) ) 2 0D7 16 



CRT display ROM , 
(8192 bytes) 



ROM 

(32768 bytes) 



3000! e 



4FFF 16 



8000! { 



FF00 1( 



FFDE t 
FFFF 1( 



SFR area 



2 page register 



Not used 



Not used 



Interrupt vector area 



Zero page 



Special 
page 



Fig. 2 Memory map 
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Port PO 


OOEO16 


Horizontal position register 


nnr-i 

UUO 1 16 


Port PO direction register 


UUC 1 16 


Vertical display start position register 1 




Port P1 


UUC<£16 


Vertical display start position register 2 




Port P1 direction register 


UUC016 


Vertical display start position register 3 




Port P2 


nriFd. „ 

UUC*»-16 


Character size register 




Port P2 direction register 


nriPR 
uucoi6 


Border selection register 


nnrc„ 


Port P3 


OOE616 






rUll r O UIICisUUII Itjyiolcl 


nnF7 ~ 


Color register 1 


UUv^Oi6 


Port P4 




Color register 2 


UUOaie 


run r h uiicuiiuii itjyioitji 


00E9ie 


v_/uiui icyioici 0 


UUOAig 


Port P5 


nnPA 


CRT control register 1 


UUOD16 


Port P5 direction register 


nnFR „ 
UUCD16 


Display block counter 


UUOL/16 


Port P6 


nfiFP 
UUCO16 


CRT port control register 




run ro uiigomuii itjyioitsi 


uucui6 


ouiuii ouiiiiui itjyioiei 


UUOCig 


P\ A _ LJ ronictor 
Un"n ItJyiolcl 


nnpp „ 


Scroll start register 


VJUvrig 


L/r\~l_ icyiSlCI 


OOEF16 


A _ [~"\ s*nntrAl ronictor 1 
ML-/ CUIHIUI ItJyiolCl I 




P\A/M O rani ctor 
rVVIVI U ItJyiolcl 


OOFO16 




00D1i 6 


PWM 1 register 


00F1 16 


Timer 2 


00D2i 6 


PWM 2 register ' 


00F2ie 


Timer 3 


00D3 16 


PWM 3 register 


00F3i 6 


Timer 4 


00D4i 6 


PWM 4 register 


00F4 16 


Timer 12 mode register 


00D5i 6 


PWM output control register 1 


00F5i 6 


Timer 34 mode register 


00D6 16 


PWM output control register 2 


00F6i 6 


PWM 5 


00D7 16 


Interrupt space distinguish register 


00F7i 6 


PWM 6 


00D8 16 


Interrupt space distinguish control register 


00F8 16 


PWM 7 


00D9 16 


Special serial I/O register 


00F9i 6 


PWM 8 


00DA 16 


Special mode register 1 


00FA 16 


PWM 9 


00DB 16 


Special mode register 2 


00FB 16 


CPU mode register 


00DCi 6 


Serial 1/01 mode register 


OOFCie 


Interrupt request register 1 


00DDi 6 


Serial 1/01 register 


OOFDie 


Interrupt request register 2 


00DEi 6 


Serial I/02 mode register 


00FEi 6 


Interrupt control register 1 


00DF 16 


Serial I/02 register 


00FF 16 


Interrupt control register 2 



Fig. 3 SFR (Special Function Register) memory map 



0200i 6 




0201 1 6 




0202ie 




0203i 6 


X 


0204i 6 




0205 16 




0206 16 


Port control register 


0207i 6 


Shift register input control register 


0208i 6 


CRT control register 2 


0209i 6 


CRT clock selection register 


020A 16 


A-D control register 2 



Fig. 4 2 page register memory map 
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INTERRUPTS 

Interrupts can be caused by 12 different events consisting 
of three external, eight internal, and one software events. 
Interrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op- 
eration is similar to an interrupt. 

When an interrupt is accepted, the registers are pushed, 
interrupt disable flag I is set, and the program jumps to the 
address specified in the vector table. The interrupt request 
bit is cleared automatically. The reset and BRK instruction 
interrupt can never be disabled. Other interrupts are dis- 
abled when the interrupt disable flag is set. 



All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter- 
rupt request bits are in interrupt request registers 1 and 2 
and the interrupt enable bits are in interrupt control regis- 
ters 1 and 2. Figure 5 shows the structure of the interrupt 
request registers 1 and 2 and interrupt control registers 1 
and 2. 

Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is "1", interrupt 
request bit is "1", and the interrupt disable flag is "0". The 
interrupt request bit can be reset with a program, but not 
set. The interrupt enable bit can be set and reset with a 
program. 

Reset is treated as a non-maskable interrupt with the high- 
est priority. Figure 6 shows interrupts control. 



Table 1. Interrupt vector address and priority. 



Event 


Priority 


Vector addresses 


Remarks 


RESET 


1 


FFFF 16 , FFFE-I6 


Non-maskable 


CRT interrupt 


2 


FFFD 16 , FFFC 16 




INT2 interrupt 


3 


FFFB 16 , FFFA 16 




INT1 interrupt 


4 


FFF9 16 , FFF8 16 




Serial I/02 interrupt 


5 


FFF7 16 , FFF6 16 




Timer 4 interrupt 


6 


FFF5 16 , FFF4 16 




1 ms interrupt 


7 


FFF3 16 , FFF2 16 




Vsync interrupt 


8 


FFF1 16 , FFF0 16 




Timer 3 interrupt 


9 


FFEF 16 , FFEE 16 




Timer 2 interrupt 


10 


FFED 16 , FFEC 16 




Timer 1 interrupt 


11 


FFEB 16 , FFEA 16 




Serial 1/01 interrupt 


12 


FFE9 16 , FFE8 16 




BRK instruction interrupt 


13 


FFDF 16 , FFDE-i 6 


Non-maskable software interrupt 
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n 



| | Interrupt request register 1 
(address 00FC 16 ) 



' — Timer 1 interrupt request bit 
Timer 2 interrupt request bit 
Timer 3 interrupt request bit 
Timer 4 interrupt request bit 
CRT interrupt request bit 
Vsync interrupt request bit 



Interrupt request register 2 
(address O0FD 16 ) 

- INT1 interrupt request bit 

- INT2 interrupt request bit 

- Serial 1/01 interrupt request bit 

- Serial I/02 interrupt request bit 
-1ms interrupt request bit 

- Test bit : This bit must be set to "0" 



0 : No interrupt request issued 

1 : Interrupt requested 



| | | | | Interrupt control register 1 
(address 00FE 16 ) 



' — Timer 1 interrupt enable bit 

— Timer 2 interrupt enable bit 

— Timer 3 interrupt enable bit 

— Timer 4 interrupt enable bit 

— CRT interrupt enable bit 

— Vsync interrupt enable bit 



II 



| | | | | Interrupt control register 2 
(address 0OFF 16 ) 



' — INT1 interrupt enable bit 

— INT2 interrupt enable bit 

— Serial 1/01 interrupt enable bit 

— Serial I/02 interrupt enable bit 

— 1ms interrupt enable bit 



0 : Interrupt disable 

1 : Interrupt enabled 



Fig. 5 Structure of registers related with interrupt 



Interrupt request bit \ 

Interrupt enable bit J 


L 










Interrupt disable flag I 
















BRK instruction J 

reset 7 


> Interrupt request 



Fig. 6 Interrupt control 
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7 0 
| | | 111111 Timer 12 mode register (address 00F4 16 ) 

— Timer 1 count source selection bit 

0 : f(X, N ) divided by 16 

1 : 1024//S clock 

' Timer 2 count source selection bit 

0 : Internal clock 

1 '. External clock from TIM2 pin 

' Timer 1 count stop bit 

0 I Count start 

1 ! Count stop 

' Timer 2 count stop bit 

0 '. Count start 

1 I Count stop 

Timer 2 internal clock source 

selection bit 

0 : f(X, N ) divided by 16 

1 I Timer 1 overflow 

7 0 
I I I I I | I I | Timer 34 mode register (address 00F5 16 ) 

^— — Timer 3 count source selection bit 

0 : f(X, N ) divided by 16 

1 : External clock from TIM3 pin 

' Timer 4 internal clock source 

selection bit 

0 Timer 3 overflow 

1 : f(X, N ) divided by 16 

' Timer 3 count stop bit 

0 : Count start 

1 ' Count stop 

• Timer 4 count stop bit 

0 : Count start 

1 : Count stop 

Timer 4 count source selection bit 

0 ' Internal clock 

1 : f(X, N ) divided by 2 



TIMER 

The M37204M8-XXXSP has four timers; timer 1, timer 2, 
timer 3 and timer 4. All of timers are 8-bit structure and 
have 8-bit latches. 

A block diagram of timer 1 through 4 is shown in Figure 8. 
All of the timers are down count timers and their division 
ratio are 1/(n + 1), where n is the contents of timer latch. 
The same value is set to timer by writing the count value to 
the latch (00F0 16 to 00F3 16 : timer 1 to timer 4) . When a 
timer reaches "00 16 " and the next count pulse is input to a 
timer, a value which is the contents of the reload latch are 
loaded into the timer. The timer interrupt request bit is set 
at the next count pulse after the timer reaches "00i 6 "- 
The contents of each timer is shown in following. 

(1) Timer 1 

Either f(X )N ) divided by 16 or a 1024//S clock (1/us interrupt 
signal) can be selected as the count source of timer 1. 
When bit 0 of the timer 12 mode register (address 00F4 16 ) 
is "0", f(X| N ) divided by 16 is selected; when it is "1", the 
1024//S clock is selected. 

Timer 1 interrupt request is occurred with timer 1 overflow. 

(2) Timer 2 

f(X| N ) divided by 16, timer 1 overflow signal, or an external 
clock input from P3 2 /TIM2 pin can be selected as the count 
source of timer 2 by specifying bits 4 and 1 of the timer 12 
mode register (address 00F4 16 ). 

Timer 2 interrupt request is occurred with timer 2 overflow. 

(3) Timer 3 

Either f (X fN ) divided by 16 or an external clock input from 
P3 3 /TIM3 pin can be selected as the count source of timer 

3 by specifying bit 0 of the timer 34 mode register 
(address 00F5 16 ). 

Timer 3 interrupt request is occurred with timer 3 overflow. 

(4) Timer 4 

f(X )N ) divided by 16, f(X !N ) divided by 2, or timer 3 over- 
flow signal can be selected as the count source of timer 4 
by specifying bits 4 and 1 of the timer 34 mode register 
(address 00F5 16 ). 

Timer 4 interrupt request is occurred with timer 4 overflow. 
And the timer 4 overflow signal can be used as the clock 
source of special serial I/O. 

At reset or an STP instruction is executed timer 3 and timer 

4 are connected automatically, and the value "FF 16 " is set 
to timer 3, and the value "07 16 " is set to timer 4. 

f(X| N ) divided by 16 is selected as count source of timer 3. 
When the internal reset is removed or stop mode is re- 
moved, the internal clock is connected by timer 4 overflow 
at above state. In this reason, the program starts with stable 
clock. 

The timer related registers structure is shown in Figure 7. 



Fig. 7 Structure of timer 12 mode register and 
timer 34 mode register 
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1024/iS clock 

o — 



-9- 





1/2 






1/8 

















P3 2 /TIM2 O s*|j>-D F 



P3 3 /TIM3 O >^>-D F 



12M 0 



T12M 2 



T12M 4 



T12M! | 



T12M 3 



T34M 0 



T34M 2 



A T34M A 



T34M, 



. T34M 3 



Selection gate ' Connected to black 
colored side at reset 



Timer 1 latch (8) 



Timer 1 (8) 



Timer 2 latch (8) 



Timer 2 (8) 



FF 16 



Timer 3 latch (8) 



Timer 3 <8) 



07 1f 



Timer 4 latch (8) 



Timer 4 (8) 



Abbreviations 

T12M) : Bit) of timer 12 mode register (j=0to4) T12Mj : Bit j of timer 12 mode register (j=0to4) 
T34M] : Bit j of timer 34 mode register (j=0 to 4) T34Mj : Bit j of timer 34 mode register (j=0 to 4) 
D F : Digital filter 

Note : Pulse width of external clock input TIM2, TIM3 need more than 4 machine cycles 



Data bus 



Timer 1 

interrupt request 
/I |P5 5 

CBR1 l/P5 5 /TIM1 



Timer 2 

interrupt request 



<t 



Reset 

STP instruction 



Timer 3 

interrupt request 



Timer 4 

interrupt request 



Fig. 8 Block diagram of timer 1, timer 2, timer 3 and timer 4 
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SERIAL I/O 

M37204M8-XXXSP has two serial I/O (serial 1/01, serial 
I/02). Serial 1/01 has the same function as serial I/02. 
A block diagram of the serial I/O is shown in Figure 9. 
In the serial I/O mode the receive ready signal (S RDY z) , 
synchronous input/output clock (S C ua')> and the serial I/O 
pins (SouTt. S| N j") are used as port P4. The serial I/Of mode 
registers (addresses 00DC 16 and 00DE 16 ) are 8-bit regis- 
ters. Bits 0, 1 and 2 of these registers are used to select a 
synchronous clock source. 

Bits 3 and 4 decide whether parts of P4 will be used as a 
serial I/O or not. 



To use P4 2 or P4 6 as a serial input, set the direction regis- 
ter bit which corresponds to P4 2 or P4 6 to "0". For more in- 
formation on the direction register, refer to the I/O pin sec- 
tion. 

Also to use internal clock of serial I/02, bit 1 of special 
mode register 1 (address 00DA 16 ) needs to be set to "1". 
The serial I/O function is discussed below. The function of 
the serial I/O differs depending on the clock source; exter- 
nal clock or internal clock. 



x, N O 



P4 3 /S RDY i O 



P4l/S C LK1 O 



P4 0 /Souti O 



P4 2 /S IN1 Ch 



P4 7 /Sr DY2 O 



P4 5 /S C LK2 O 



P4 4 /S OU T2 O 

P4 6 /S IN2 O 





1/2 




1/2 











P4 3 latch 



4~ 



SI01M 4 



P4, latch 



S101M3 
P4 0 latch 



4. 



SIOIM3 



SlCn 



P4 7 latch PWM8 



SI02M 4 SB 4 



P4 5 latch SCL 



SI02M 3 SB 2 
P4 4 latch SDA 



SIQ2M 3 SB 2 



Data bus 



Sync, 
circuit 



SI01M 2 



Counter 1 



1/8 J.1/16 

SIOIMt 
SIO1M 0 



k 


^ 4 4 * 1 


Serial I/O counter 1 (8) 



SI01M 5 : LSB**MSB 



Serial I/O shift register 1 (8) 



Counter 2 



Sync 



SI02M 2 



n/16 

SI02M! 
SIO2M 0 



Serial I/O counter 2 (8) 



SI02M 5 : LSB^MSB 



SB 3 



Serial I/O shift register 2 (8) 



- PWM9 



Abbreviations P4 6 latch 

SICl SICo ' Bits 1 and 0 of shift register input control register 
SBj : Bit j of special mode register 1 (j=2 to 4) 

SI01 Mj : Bit j of serial 1/01 mode register (j=0 to 5) 
Sl02Mj : Bit j of serial I/02 mode register (j=0 to 5) 



Serial 1/01 
interrupt request 



Serial I/02 
interrupt request 



Fig. 9 Block diagram of serial I/O 
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Internal clock— The 

Srdyz signal becomes "H" during trans- 
mission or while dummy data is stored in the serial I/O; 
register (addresses 00DD 16 and 00DF 16 ) . After the falling 
edge of the write signal, the 

Srdyz signal becomes low sig- 
naling that the M37204M8-XXXSP is ready to receive the 
external serial data. The Srdyj: signal goes "H at the next 
falling edge of the transfer clock. The serial I/Of counter is 
set to 7 when data is stored in the serial I/Of register. At 
each falling edge of the transfer clock, serial data is output 
to Soim- During the rising edge of this clock, data can be 
input from S, Nl and the data in the serial \/O t register will 
be shifted 1 bit. 

Transfer direction can be selected by bit 5 of serial I/O* 
mode register. After the transfer clock has counted 8 times, 
the serial l/O z register will be empty and the transfer clock 
will remain at a high level. At this time the interrupt request 



bit will be set. 

External clock- If an external clock is used, the interrupt re- 
quest will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 

Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
500kHz at a duty cycle of 50% . The timing diagram is 
shown in Figure 10 When using an external clock for trans- 
fer, the external clock must be held at "H" level when the 
serial I/O? counter is initialized When switching between 
the internal clock and external clock, the switching must not 
be performed during transfer. Also, the serial I/O counter 
must be initialized after switching. 

An example of communication between two M37204M8- 
XXXSPs is shown in Figure 11. 



Sync clock 

Transfer clock 

Serial \/O t register 
write signal 

Serial I/O output 

SoUTZ 

Serial I/O input 

S|NZ 

Receivable signal 
Srdyz 



I 




1 

1 (Note) 












XXXXXXXXi 




1 
1 



1_J 



Interrupt request bit set 



Note '■ Internal clock is selected, the 

Squt pin is at high impedance after transfer end 



Fig. 10 Serial I/O timing (In the case of LSB first) 



Transmission side 



Reception side 



Serial 1/01 mode register 



Bit 4 



BitO 



1 1 



The direction register for pin S RDY i 
should be set to input mode 



Sync clock 



Serial data 



Serial 1/01 mode register 
Srdyi 

Bit 4 Bit 0 



1 


0 


0 


X 


X 



ScLK1 



The direction register for pin S| N1 
should be to input mode 



Fig. 11 Example of serial I/O connection 
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Serial 1/01 mode register 
(address 00DC 16 ) 



■ Internal synchronous clock 
selection bits 

00 : f(X, N ) divided by 4 

01 : f(X, N ) divided by 16 

10 : f(X, N ) divided by 32 

11 : f(X, N ) divided by 64 

■ Sync clock selection bit 

0 : External clock 

1 '. Internal clock 

• Serial 1/01 port selection bit 

0 : Port P4 0 , P4, 

1 • SoUTL ScLKI P' n 

- Sr D yi signal output selection bit 

0 : Port P4 3 

1 '• S RDY i signal output pin 

- Transfer direction selection bit 

0 : LSB first 

1 : MSB first 



Serial I/02 mode register 
(address 00DE 16 ) 



• Internal synchronous clock 
selection bits 

00 : f(X IN ) divided by 4 

01 : f(X 1N ) divided by 16 

10 : f(X IN ) divided by 32 

11 : f(X IN ) divided by 64 
Sync clock selection bit 

0 External clock 

1 ' Internal clock 

Serial 1/02 port selection bit 

0 : Port P4 4 , P4 5 

1 : Special mode (see Fig 16) 

S RD Y2 signal output selection bit 

0 : Port P4 7 

1 : Special mode (see Fig 16) 

Transfer direction selection bit 

0 : LSB first 

1 : MSB first 



Fig. 12 Structure of serial I/Of mode register 
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SPECIAL MODE (l 2 C BUS MODE*) 

M37204M8-XXXSP has a special serial I/O circuit that can 
be reception or transmission of serial data in conformity 
with l 2 C* (Inter IC) bus format. 

I 2 C bus is a two line directional serial bus developed by 
Philips to transfer and control data among internal ICs of a 
machinery. 

M37204M8-XXXSP's special serial I/O is not included the 
clock synchronisation function and the arbitration detect- 
able function at multimaster. 

Operations of master transmission and master reception 
with special serial I/O are explained in the following: 
(1 ) Master transmission 

© To generate an interrupt at the end of transmission, set 
bit 7 of special mode register 2 (address 00DB 16 ) to "1" so 
as to special serial I/O interrupt is selected. 
© Then set bit 3 of interrupt control register 2 (address 
00FF 16 ) to "1" so as to special serial I/O interrupt is en- 
abled. Clear the interrupt disable flag I to "0" by using the 
CLI instruction. 

(D The output signals of master transmission SDA and 
SCL are output from ports P4 4 and P4 5 . Set all bits (bits 4 
and 5) corresponding to P4 4 and P4 5 of the port P4 register 
(address 00C8 16 ) and the port P4 direction register 
(address 00C9 16 ) to "1". 

® Set the transmission clock The transmission clock uses 
the overflow signal of timer 4. Set appropriate value in tim- 
er 4. (For instance, if f (X !N ) /1 6 is selected as the clock 
source of timer 4 and 4 is set in timer 4 when f (X (N ) is 
4MHz, the master transmission clock frequency is 25kHz.) 
(D Set contents of the special mode register 2 (address 
00DB 16 ). (Usually.the value is "83 16 ".) 
© Set the bit 3 of serial I/02 mode register (address 
00DE 16 ) . After that set the special mode register 1 
(address 00DA 16 ). Figure 16 shows the structure of special 
mode registers 1 and 2. 

Initial setting is completed by the above procedure 
© Write data to be transmitted in the special serial I/O 
register (address 00D9 16 ). Immediately after this, clear bits 
0 and 1 of special mode regiser 2 (to "0") to make both 



SDA and SCL output to "L". This is for arbitration. The start 
signal has been completed. 

The hardware automatically sends out data of 9-clock cy- 
cle. The 9th clock is for ACK reception and the output level 
becomes "H" at this clock. If other master outputs the start 
signal to transmit data simultaneously with this 9th clock, it 
is not detected as an arbitration-lost. 
When the ACK bit has been transmitted, bit 3 of the inter- 
rupt request register 2 is set to "1" (issue of interrupt 
request), notifying the end of data transmission. 
® To transmit data successively, write data to be sent to 
the special serial I/O register, and set the interrupt en- 
abled state again. By repeating this procedure, unlimited 
number of bytes can be transmitted. 

® To terminate data transfer, clear bits 0 and 1 of the 
special mode register 2 to "0". 
® Set bit 1 clock SCL to "1". 

© Then set bit 1 data SDA to "1". This procedure trans- 
mits the stop signal. Figure 14 shows master transmission 
timing explained above. 
(2) Master reception 

Master reception is carried out in the interrupt routine after 
data is transferred by master transmission. For master 
transmission and interrupt thereafter, see the preceding 
section (1) Master transmission (the process until © in Fi- 
gure 14). 

In the interrupt routine, set master reception ACK provided 
(26 16 ) in the special mode register 1 (address 00DA 16 ) , 
and write "FF 16 " in the special serial I/O register (address 
00D9 16 ). This sets data line SDA to "H" and to perform 8- 
clock master reception. Then, "L" is transmitted to data line 
SDA for ACK receiving. In the ACK provided mode, the 
above ACK is automatically sent out. 
Repeat the above receiving operation for a necessary num- 
ber of times. Then return to the master transmission mode 
and transmit the stop signal by the same procedure for the 
master transmission (the process from ® to © in Figure 
14). 

Figure 15 shows master reception timing. 



* : Purchase of Mitsubishi Electric Corporation's l 2 C components converys a license under the Philips l 2 C Patent Rights to use these 
components in an l 2 C system, provided that the system conforms to the l 2 C Standard Specification as defined by Philips. 
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P4 5 /SCL O^" 



Sync circuit 



Control 






Counter 


circuit 





*- Interrupt request 



Sl/O counter 2 



P4 4 /SDA Q- 



i 



i SB 2 

■--i 3 T 



Control 
circuit 



Sl/O shift register 2 



Abbreviations 

SI02M 3 .' Bit 3 of serial 1/02 mode register 
SBj : Bit j of special mode register (j=1, 2, 5) 



Fig. 13 Block diagram of special serial I/O 



P4 4 /SDA 



P4 5 /SCL © to a 



JIJTJTJTJTJTJTJITL 



juinr 



P4 4 /SDA 



P4 5 /SCL 



jocccccoot 
JiiiRrLnjirirLrL 



Fig. 14 Master transmission timing 



Reception data 



p4 < /sda \_J^hJE^yE^LfE^. A ?} L.i-.i--i..i.J..i-i— H 

pyscL-q)-^ nnnnnnnnn nnnnnnnnn 



P4 4 /SDA 
P4 5 /SCL 



Same as © to (J) of Figure 14 
1 r 



t 1 1 1 1 1 1 r 

1 1 i 1 1 1 
1 1 J x — J j i. — J 1 1 

JliTiliirLTLTLriA 



1 r 



Just as (D 
of Figure 14 

Just as ® 
of Figure 14 



Just as ® 
of Figure 14 



Fig. 15 Master reception timing 
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(3) Wait function 

Wait function 1 holds the SCL line at "L" after the 8th clock 
falls in special mode. Wait function 2 holds the SCL line at 
"L" after the 9th clock falls in the same way. 
When one of the wait functions operates, the internal coun- 
ter that counts the clock must be reset after bit 3 or 4 of the 
special mode register 2 is set to "1", to enable the corres- 
ponding wait function 1 or 2 to operate. Reset the internal 
counter by writing data to the special serial I/O register 
(address 00D9 16 ), or by setting the START signal detection 
bit to "1". Reset the internal counter for each byte before 
data tranfer. 



The wait functions can be released by setting the corres- 
ponding bit 5 or 6 of the special mode register 2 to "1". 
Note 1 : Clear the START signal detect bit (bit 6) and the 
STOP signal detect bit (bit 7) of the special mode 
register 1 by writing "1" to bit 6 or bit 7. 



Special mode register 1 
(address 00DA 16 ) 



Transmission and reception mode 
selection bit 

0 : Reception mode 

1 : Transmission mode 

Synchronous clock selection bit 

0 : External clock 

1 .' Timer 4 overflow 

P44, P4 5 special mode selection bit 

0 • S 0 ut2. S C lk2 signal output 

1 : SDA, SCL signal output 

P4 6 special mode selection bit 

0 : P4 6 output 

1 : PWM9 output 

P4 7 special mode selection bit 

0 • S RD y2 signal output 

1 : PWM8 output 

ACK operation selection bit 

0 : ACK is not transmitted or received 

1 : ACK is transmitted and received 

Start signal detect bit 

0 : Start signal is not detected 

1 : Start signal was detected 

Stop signal detect bit 

0 : Stop signal is not detected 

1 .' Stop signal was detected 



Special mode register 2 
(address 00DB 16 ) 



- Data line control bit 

0 ! SDA outputs "L" 

1 : SDA outputs "H" 

- Clock line control bit 

0 : SCL outputs "L" 

1 : SCL outputs "H" 

- ACK recognition bit 

0 : ACK was received 

1 : ACK is not received 

- Wait function 1 enable bit 

0 : Wait function 1 is disabled 

1 Wait function 1 is enabled 

- Wait function 2 enable bit 

0 : Wait function 2 is disabled 

1 : Wait function 2 is enabled 

- Wait function 1 acceptance display bit 

0 '. Wait function 1 is not accepting 

1 Wait function 1 is accepting 

- Wait function 2 acceptance display bit 

0 : Wait function 2 is not accepting 

1 : Wait function 2 is accepting 

- Interrupt selection bit 

0 I Serial 1/02 interrupt 

1 : Special serial I/O interrupt 



Fig. 16 Structure of special mode registers 1 and 2 
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SERIAL I/O COMMON TRANSFER MODE 

The S| N and 

Sout signals can be switched internally, to 
switch between serial transmission and serial reception, by 
writing "1" to either bit 1 or bit 0 of the shift register input 
control register. 

Signal lines in serial I/O common transfer mode are shown 
in Figure 19. 

Note : During serial reception, make sure that serial recep- 
tion start after "FF^ 6 " is written to the serial I/O shift 
register. 



Shift register input control register 
(address 0207 16 ) 

- Shift register 1 input bit 

0 : Input signal from S, N1 

1 Input signal from S 0 un 

- Shift register 2 input bit 

0 : Input signal from S, N2 

1 : Input signal from S Q ut2 



Fig. 17 Structure of the shift register input control 
register 



P4l/S C LK1 o 



P4q/Souti 



P4 2 /S, N 



P45/Sci_K2 



P4 4 /SoUT2 



P4 6 /S, N2 



o 



o 



o 



o 



• 0 
SICo 



17 



• 0 

SlCi 



Serial I/O shift register 1 (8) 



Clock 2 



Serial I/O shift register 2 (8) 



Fig. 18 Signal lines in serial I/O common transfer mode ■ 
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PWM OUTPUT CIRCUIT 

(1 ) Introduction 

The M37204M8-XXXSP is equipped with one 14-bit 
PWM (DA) and ten 8-bit PWMs (PWM0-PWM9). The 
14-bit resolution gives DA the minimum resolution bit 
width of 500ns (for X )N =4MHz) and a repeat period of 
8192/zs. PWMO — PWM9 have a 8-bit resolution with 
minimum resolution bit width of Q/us and repeat period 
of 2048/iS. 

Block diagram of the PWM is shown in Figure 19. 
The PWM timing generator section applies individual 
control signals to DA and PWMO— PWM9 using clock 
input X )N divided by 2 as a referece signal. 

(2) Data setting 

The output pins PWMO — PWM7 are in common with 
port P6 and PWM8, 9 are in common with port P4 7 , P4 6 . 
For PWM output, each PWM output selection bits (bits 
2 to 7 of PWM output control register 1, bits 0 and 1 of 
PWM output control register 2, bits 3 and 4 of special 
mode register 1 and bit 4 of serial I/02 mode register) 
should be set. When DA is used for output, first set the 
higher 8-bit of the DA-H register (address 00CE 16 ) , 
then the lower 6-bit of the DA-L register (address 
00CF 16 ). 

When one of the PWMO— PWM9 is used for output, set 
the 8-bit in the PWMO — PWM9 register (addresses 
00D0 16 to 00D4 16 and 00F6 16 to 00FA 16 ), respectively. 

(3) Transferring data from registers to latches 

The data written to the 8-bit PWM register is transfer- 
red to the PWM latch in each 8-bit PWM cycle period. 
For 14-bit PWM, the data is transferred in the next up- 
per 8-bit period after the write. The signals output to 
the PWM pins correspond to the contents of these 
latches. When data in each PWM register is read, data 
in these latches has already been read allowing the 
data output by the PWM to be confirmed. However, bit 
7 of the DA-L register indicated the completion of the 
data transfer from the DA register to the DA latch. If bit 
7 is "0", the transfer has been completed, if bit 7 is "1", 
the transfer has not yet begun. 

(4) Operation of the 8-bit PWMs 

The timing diagram of the ten 8-bit PWMs (PWMO — 
PWM9) is shown in Figure 20. One period (T) is com- 
posed of 256 (2 8 ) segments. 



There are eight different pulse types configured from 
bits 0 to 7 representing the significance of each bit. 
These are output within one period in the circuit inter- 
nal section. Refer to Figure 20 (a). 
Eight different pulses can be output from the PWM. 
These can be selected by bits 0 through 7. Depending 
on the content of the 8-bit PWM latch, pulses from 7 to 
0 is selected. The PWM output is the difference of the 
sum of each of these pulses. Several examples are 
shown in Figure 20 (b). Changes in the contents of the 
PWM latch allows the selection of 256 lengths of high- 
level area outputs varying from 0/256 to 255/256. An 
length of entirely high-level output cannot be output, 
i.e. 256/256. 

(5) 14-bit PWM operation 

The output example of the 14-bit PWM is shown in Fi- 
gure 21. The 14-bit PWM divides the data within the 
PWM latch into the lower 6 bits and higher 8 bits. 
A high-level area within a length D H times t is output 
every short area of t=256 t=128/zs as determined by 
data D H of the higher 8 bits. 

Thus, the time for the high-level area is equal to the 
time set by the higher 8 bits or that plus T.Asa result, 
the short-area period t (=128/^s, approx. 7.8kHz) be- 
comes an approximately repetitive period. 

(6) Output after reset 

At reset the output of port P4 6 , P4 7 and P6 is in the 
high impedance state and the contents of the PWM 
register and latch are undefined. Note that after setting 
the PWM register, its data is transferred to the latch. 



Table 2. Relation between the 6 low-order bits 

of data and high-level area increase space 



6 low-order bits of data 


Area longer by * than that of other t m (m = 0 to 63) 


oooo o L o B 


Nothing 


0 0 0 0 0 1 


m=32 


0 0 0 0 1 0 


m=16, 48 


0 0 0 1 0 0 


m= 8,24, 40, 56 


0 0 1 0 0 0 


m= 4,12,20, 28, 36, 44, 52, 60 


0 1 0 0 0 0 


m = 2 , 6 , 1 0, 1 4, 1 8, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62 


1 0 0 0 0 0 


m= 1 , 3, 5, 7, 57,59,61,63 
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Data bus 



DA-L register 
(address 00CF 16 )i 



DA-H register 
(address 00CE 16 ) 



M ill TT^l 



HE 



DA latch (14-bit) 

H I I I I I I I I I 



| 14-bit PWM circuit 



i I Timing 
inO — I 1/2 I — T> — generator 
1 1 *f for PWM 



PWMO register 
(address 00D0i 6 ) 



\»«n ill T~ra 



PW MO latch 

H I I 



TZCEJ 



8-bit PWM circuit 



PWM1 register (address 00D1 16 ) 

PWM 2 register (address 00D2 16 ) 

PWM3 register (address 0OD3 16 ) 

PWM4 register (address 00D4 16 ) 

PWM5 register (address 00F6 16 ) 

PWM 6 register (address 00F7 16 ) 

PWM7 register (address 00F8 16 ) 

PWM8 register (address 00F9 16 ) 

| PWM 9 register (address 00FA 16 ) 
Inside of P'jare the same construction 



D6 0 



^j-O PWMO 
PW 2 

pw a * 

J-OPWM2 



P6 2 



„ D6 3 pOPWMS 

5 w 5 

j-O PWM4 



J-OPWM5 




Selection gate ' connected to black 
colored side when 
reset 

Pass gate 



Abbreviations 

PWj : Bit j of PWM output control register 1 (j=0 to 7) 

PNj : Bit j of PWM output control register 2 (j=0 to 4) 

D4j : Bit j of port P4 direction register (j=6, 7) 

P4j : Bit j of port P4 register (j=6, 7) 

D6j : Bit j of port P6 direction register (j=0 to 7) 

P6j : Bit j^>f port P6 register (j=0 to 7) 

SBj : Bit j of special mode register 1 (j=3, 4) 

SI02M 4 : Bit 4 of serial I/02 mode register 



Fig. 19 Block diagram of the PWM circuit 
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Bit 7 
Bit 6 
Bit 5 
Bit 4 
Bit 3 
Bit 2 
Bit 1 
BitO 



Contents 
of the latch 

When00 16 (0) 

When 01 16 (1) 

When 18 16 (24) 

When FF 16 (255) 



12 20 28 

U-LJLJL 



2 6 10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 70 74 78 82 86 90 94 98 102106110114118122126130134138142146150154158162166170174178182186190194198202206210214218222226230234238242246250254 



44 52 60 68 76 84 92 100 108 116 124 132 140 148 156 164 172 180 188 196 204 212 220 228 236 244 252 

JL_fLJLJI_J_Jl_JLJL_^^ 



j n n ft l 



168 184 



J fl_ 



232 248 



(a) Pulses showing the weight of each bit 



J fl fl fL 



JLJLJL 



T=256t 



When output is PWMO to PWM9 t=8^s T=2048/iS 
When f(X, N )=4MHz 

(b) Example of 8-bit PWM output 



JLJl fl (1 IL 



Fig. 20 8-bit PWM timing diagram 
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Data in address 00CE 16 is #6A 16 



Data in address 00CEi 6 is #7B 16 



DA latch (14 bit) 



59, 6 ^ 6A 16 ^ 


7B 16 


Data in address 00CF 16 


is #24 16 Bit 7 reset after transfer 


Data is address 00CF 16 is #35 16 




± ? 


I 35 16 


A4 16 y 


Register to latch tranfer B5 16 


Register to latch tranfer 


1653 16 


^ 1AA4 16 1AA4 16 1AA4 16 


L 1EF5 16 



T = 8192//S 



^ When bit 7 of DA-L is "0" register 



(64X128/.S) 
t= 128/^s 



to latch transfer will not occur 



(Example 1 ) 



DA output 



JUiiifiiiJinJinJu^^ JifiRRJirLTiii 

JTLRJTLfT HJTlJTimjTL 



lower 6 bits \~ f~ I I"— I |— 1 I" 
outputj 5 | I 5 | | 5 | I 5 | I 

(When H 6A 16l 



L" 24 16 ) 



(Example 2) 



lower 6 bits 

output 

(When H 6A 16 , 
L18 16 ) 



6B 6A 6B 6A 6B 6A 6B 6A 6B 



6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 



6B 16 - - 36 times 6A 16 28 



H> 106X64+36 



(107) 



(106) 



' 6A 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 

— jiiJifuuuuiJWLruu^ iuuiniUTJin. 



n m m r r i 



6B 16 24 times 6A 16 40 times 



TU7L 



JTLR_R 



► 106X64+24 



6B 6A 



Minimum bit resolution width 
DA output 



ADD 



l-bit counter I 02 I Q1 | QQ 



High/low-level of the ADD 
section is determined by 
the data contained in 
the lower 6 bit 



r =0. 5jus 



t = 128/^s - 
(256X0. bus) 



"t— T 1 I 1—1 

6A i 69 | 68 | 67 I ] 02 | 01 | 



— r— | r—r 

FF i FE i FD i FC 1 



I I I 

i 02 | OP 00 
I I I 



High-level area output, the length 

of which is specified DA-H 



' i i I I i i I 

6A | 69 \ 68 | 67 | | 02 J 01 1_ 



l i l I 
FF ' FE l FD i FC 1 
I I I I 



' 97 i 96 i 95 ' 



256 r (128^s) standard 



Fig. 21 14-bit PWM timing diagram 



2-216 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M37204M8-XXXSP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 

with ON-SCREEN DISPLAY CONTROLLER 



| PWM output control register "1 
(address 00D5 16 ) 

- DA, PWM count source selection bit 

0 ' Count source supply 

1 : Count source stop 

- DA/PN 4 output selection bit 

0 : DA output 

1 : PN 4 output 

- P6 0 /PWM0 output selection bit 

0 : P6 0 output 

1 I PWMO output 

- P6!/PWM1 output selection bit 

0 : P61 output 

1 : PWM1 output 

- P6 2 /PWM2 output selection bit 

0 : P6 2 output 

1 : PWM 2 output 

- P6 3 /PWM3 output selection bit 

0 : P6 3 output 

1 : PWM3 output 

- P6 4 /PWM4 output selection bit 

0 : P6 4 output 

1 : PWM4 output 

- P6 5 /PWM5 output selection bit 

0 : P6 5 output 

1 : PWM5 output 



I 



] PWM output control register 2 
(address 00D6 16 ) 



P6 6 /PWM6 output selection bit 

0 : P6 6 output 

1 : PWM6 output 

• P6 7 /PWM7 output selection bit 

0 : P6 7 output 

1 : PWM7 output 

■ DA output polarity selection bit 

0 : Positive polarity 

1 : Negative polarity 

■ PWM output polarity selection bit 

0 : Positive polarity 

1 ' Negative polarity 

• DA wide use output register 

0 : "0" output 

1 : "1" output 



Fig. 22 Structure of PWM output control register 1 and 2 
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A-D CONVERTER 

Block diagram of A-D converter is shown in Figure 24. A-D 
converter consists of 6-bit D-A converter and comparator. 
The A-D control register 2 (address 020A 16 ) can generate 
1/64 Vcc-step internal analog voltage based on the settings 
of bits 5 to 0. 

Table 3 gives the relation between the descriptions of A-D 
control register bits 5 to 0 and the generated internal ana- 
log voltage. The comparison result of the analog input vol- 
tage and the internal analog voltage is stored in the A-D 
control register 1 (address 00EF 16 ), bit 4. 
The data is compared by setting the direction register cor- 
responding to port P3 5> P3 6 to "0" (port P3 5 , P3 6 enters the 
input mode), to allow port P3 5 /A-D1, P3 6 /A-D2 to be used 
as the analog input pin. The digital value corresponding to 
the internal analog voltage to be compared is then written 
in the A-D control register, bits 0 to 5 and an analog input 
pin is selected. After 16 machine cycle, the voltage com- 
parison is completed. 



A-D control register 1 
(address 00EF 16 ) 

- Internal analog voltage 
set bits 

000 : AD1 

001 : AD2 

010 : AD3 

01 1 : AD4 

100 : AD5 

101 : AD6 

110 : AD7 

111 : AD8 

- Comparison result 

0 ". Input voltage < 

Internal voltage 

1 : Input voltage > 

Internal voltage 



Fig. 23 Structure of A-D control register 1 



Table 3. Relationship between the contents of A-D 

control register2 and internal analog voltage 



A-D control register 


Internal analog 
voltage ' 


Bit 5 


Bit 4 


Bit 3 


Bit 2 


Bit 1 


BitO 


0 


0 


0 


0 


0 


0 


1/128 Vcc 


0 


0 


0 


0 


0 


1 


3/128 V cc 


0 


0 


0 


0 


1 


0 


5/128 Vcc 


0 


0 


0 


0 


1 


1 


7/128 V cc 
















1 


1 


1 


1 


0 


1 


123/128 V cc 


1 


1 


1 


1 


1 


0 


125/128 V cc 


1 


1 


1 


1 


1 


1 


127/128 Vcc 



Data bus 



A-D control register 1 



Bit 2 to 0 



AD1- 
AD2- 



AD8- 



Analog 
signal 
switch 



Comparator 




A-D control 
register 1 



Bit 4 



A-D control 
register 2 



Switcr 


tree 


/ 


\ 


Ladder resistor 



Bit 5 




Bit 0 


\ 


/ 



Fig. 24 Block diagram of A-D converter 
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CRT DISPLAY FUNCTIONS 

(1) Outline of CRT Display Functions 

Table 4 outlines the CRT display functions of the 
M37204M8-XXXSP. The M37204M8-XXXSP incorporates a 
24 columns X 3 lines CRT display control circuit. CRT dis- 
play is controlled by the CRT display control register. 
Up to 254 kinds of characters can be displayed, and colors 
can be specified for each character. Four colors can be 
displayed on one screen. A combination of up to 15 colors 
can be obtained by using each output signal (R, G, B, and 
I). 

Characters are displayed in a 12X16 dot configuration to 
obtain smooth character patterns. (See Figure 25) 
The following shows the procedure how to display charac- 
ters on the CRT screen. 

Table 4. Outline of CRT display functions 



Parameter 


Functions 


Display character 


24 charactersX3 lines (maximum 16 lines) 


Character 
configuration 


12X16 dots (See Figure 25) 


Kinds of characters 


254 kinds 


Character size 


4 kinds 


Color 


Kind of colors 


15 (max.) 


Coloring unit 


a character 


Extention display 


Possible (multiple lines) 




16 dots 



© Set the character to be displayed in display RAM. 

® Set the display color by using the color register. 

(D Specify the color register in which the display color is 
set by using the display RAM. 

® Specify the vertical position and character size by us- 
ing the vertical position register and the character size 
register. 

® Specify the horizontal position by using the horizontal 

position register. 
(D Write the display enable bit to the designated block 

display flag of the CRT control register. When this is 

done, the CRT starts operation according to the input 

of the 

Vsync signal. 

The CRT display circuit has an extended display mode. 
This mode allows multiple lines (more than 4 lines) to be 
displayed oa the screen by interrupting the display each 
time one line is displayed and rewriting data in the block 
for which display is terminated by software. 
Figure 26 shows the structure of the CRT control register 1. 
Figure 27 shows a block diagram of the CRT display control 
circuit. 



Fig. 25 CRT display character configuration 



] CRT control register 1 
(Address 00EA 16 ) 

All-blocks display control bit (Note 1) 

0 : All-blocks display off 

1 : All-blocks display on 

- Block 1 display control bit 

0 : Block 1 display off 

1 : Block 1 display on 



- Block 2 display control bit 

0 : Block 2 display off 

1 : Block 2 display on 

- Block 3 display control bit 

0 : Block 3 display off 

1 : Block 3 display on 



- Block 1 color specification mode switch bit 

0 : Ordinary mode 

1 : 1 /2-character unit color specification 

mode 

- Display oscillation stop bit 

0 .' Oscillation stopped 

1 : Oscillation enabled 

■ Scanning line double-count mode flag 

0 : Normal 256 count mode 

1 : Double count mode 

-Test bit : This bit must be set to "0" 



Note 1 : All-blocks display control bit indicates the logical 
sum (AND) of each block display control bit 



Fig. 26 Structure of CRT control register 1 
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CRT control register 









OSC1 OSC2 Hsync Vsync 

9 Q 0 0 



(Address 00EA 16 ) 



(Addresses 00E1 16 to 00E3 16 ) 



Vertical position register 



(Address 00E4 16 ) 



Character size register 



(Address 00E0i 6 ) 



a* Horizontal position register 



(Address 00E5 16 ) 



Border register 



Clock generating 
circuit 



Display position control circuit 



Display control 
circuit 



/Display RAM 
/ 11-bit X24X1 
+ 9-bit X24X2 



(Addresses 00E6 16 

to 00E9 16 ) 



Color register 



(Address 00EC 16 ) 



Display ROM 
12-bitX16X256 









Shift register 
12-b.t 



Border RAM 



Shift register 
12-bit 





CRT port control register 






=3» 



Data bus 




Fig. 27 Block diagram of CRT display control circuit 
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(2) Display Position 

The display positions of characters are specified in units 
called a "block." There are three blocks, block 1 to block 3. 
Up to 24 characters can be displayed in one block. (See 
(4) Display Memory.) 

The display position of each block in both horizontal and 
vertical directions can be set by software. 
The horizontal direction is common to all blocks, and is 
selected from 64-step display positions in units of 4Tc (Tc 
=oscillation cycle for display). 

The display position in the vertical direction is selected 
from 128-step display positions for each block in units of 
four scanning lines. 

If the display start position of a block overlaps with some 
other block ((b) in Figure 30), a block of the smaller block 
No. (1 to 3) is displayed. 

If when one block is displaying, some other block is dis- 
played at the same display position ((c) in Figure 30), the 
former block is overridden and the latter is displayed. 
The vertical position can be specified from 128-step posi- 
tions (four scanning lines per step) for each block by set- 
ting values 00 16 to 7F 16 to bits 0 to 6 in the vertical position 
register (addresses 00E1 16 to 00E3 15 ). Figure 28 shows the 
structure of the vertical position register. 



Vertical position register 
Vertical position register 1 (address 00E1 16 ) 
Vertical position register 2 (address 00E2 16 ) 
Vertical position register 3 (address 00E3 16 ) 

The vertical display start position 
128-step positions (00 16 to 7F 16 ) 



Fig. 28 Structure of vertical position registers 

The horizontal direction is common to all blocks, and can 
be specified from 64-step display positions (4Tc per step 
(Tc=oscillation cycle for display)) by setting values 00 16 to 
3F 16 to bits 0 to 5 in the horizontal position register 
(address 00E0 16 ) . Figure 29 shows the structure of the 
horizontal position register. 



7 0 
I I I I I | I I 1 Horizontal position register 
| I I I I I [ (Address 00E0 16 ) 



The horizontal display start position 
64-step positions (00 16 to 3F 16 ) 

Test bit I This bit must be set to "0". 



Fig. 29 Structure of horizontal position register 
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(HR) 



CV t - 



A 



cv 3 



Block 3 



(a) Example when each block is separated 



(HR) 



CV,- 



CV 2 



Block 1 



(b) Example wJhen the display start position of a block overlaps with some other block 



(HR) 



CV,- 



cvv 



cv 2 



t CV3J I 



Block 1 (Block 2) 



Block 1' (Block 3) 



(c) Example when one block is displaying some other block is superimposed 



Fig. 30 Display position 
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(3) Character Size 

The size of characters to be displayed can be selected 
from four sizes for each block. Use the character size reg- 
ister (address 00E4 16 ) to set a character size. The charac- 
ter size in block 1 can be specified by using bits 0 and 1 in 
the character size register; the character size in block 2 
can be specified by using bits 2 and 3; the character size 
in block 3 can be specified by using bits 4 and 5. Figure 31 
shows the structure of the character size register. 
The character size can be selected from four sizes: small 
size, medium size, large size, and extra large size. Each 
character size is determined by the number of scanning 
lines in the height (vertical) direction and the cycle of dis- 
play oscillation (=Tc) in the width (horizontal) direction. 
The small size consists of [one scanning line) X (1 Tc) ; the 
medium size consists of [two scanning lines] X [2 Tc) ; the 
large size consists of [three scanning lines] X [3 Tc] ; and 
the extra large size consists of [four scanning lines) X [4 
Tc) . Table 5 shows the relationship between the set values 
in the character size register and the character sizes. 



Fig. 31 Structure of character size register 



Table 5. The relationship between the set values of the character size register and the character sizes 



Set values of the character size register 


Character 


Width (horizontal) direction 


Height (vertical) direction 


CS n i 


CS n o 


size 


Tc '. a cycle of display oscillation 


(scanning lines) 




0 


Small 


1 T c 


1 


0 


1 


Medium 


2 T c 


2 


1 


0 


Large 


3 T c 


3 


1 


1 


Extra large 


4 T c 


4 



Note ! The display start position in the horizontal direction is not affected by the character size In other words, the horizontal start position is common to 
all blocks even when the character size varies with each block. (See Figure 32) 



Abbreviations 

CSn^ CSn 0 Bits 1 and 0 of the character size register 



7 Q 
I I 111 i I I I Character size register 
I (Address 00E4 16 ) 

' — Block 1 character size selection bits 

00 : Small size 

01 : Medium size 

10 : Large size 

1 1 '. Extra large size 

' — ' Block 2 character size selection bits 

00 : Small size 

01 : Medium size 

10 '■ Large size 

1 1 : Extra large size 

— Block 3 character size selection bits 

00 : Small size 

01 ' Medium size 

10 I Large size 

1 1 : Extra large size 

' Out output switching bit 

0 : Out output 

1 : Out-MUTE (background of entire 

screen enabled by OUT signal) 
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(4) Display Memory 

There are two types of display memory: CRT display ROM 
(addresses 3000 16 to 4FFF 16 ) used to store character dot 
data (masked) and CRT display RAM (addresses 2000 16 to 
20D7 16 ) used to specify the colors of characters to be dis- 
played. The following describes each type of display 
memory. 

© CRT display ROM (addresses 3000 16 to 4FFF 16 ) 
The CRT display ROM contains dot pattern data for display 
characters. To display these stores characters in operation, 
specify character codes (codes determined based on the 
addresses in the CRT display ROM) that are specific to 
those characters, by writing them to the CRT display RAM. 



Small 



Medium 



Large 



Extra large 



Display start position 



Since the CRT display ROM contains 8K bytes and the 
data for one character takes up 32 bytes are required 256 
characters can be stored. However, two-character space is 
required for test purposes, so in practice 254 characters 
can be stored for display. 

Within the CRT display ROM area, data for part of each 
character that is [16 dots high] X (left hand 8 dots wide] is 
stored at addresses 3000 16 to 37FF 16 and 4000 16 to 47FF 16) 
and data for part of each character that is [16 dots high] X 
(right-side 4 dots wide] data of display characters are 
stored in addresses 3800 16 to 3FFF 16 and 4800 16 to 4FFF 16 . 
(See Figure 33) However, note that the four upper bits in 
the data to be written to addresses 3800 16 to 3FFF 16 and 
4800 16 to 4FFF 16 must all be set to "1" (by writing data F0 16 
to FF 16 ). 

Table 6. Character code list 



wl Idl dL»lt?I l/UUC 


Contained up address of character data 


Left 8 dots lines 


Right 4 dots lines 


00 16 


3000-I6 

to 
300F 16 


3800-ie 

to 
380F 16 


01ie 


301 0 16 

to 
301 F 16 


381 0 16 

to 
381 F 16 


02 16 


3020 16 

to 
302F 16 


3820 16 

to 
382F 16 


03! 6 


3030! 6 

to 
303Fi 6 


3830 16 

to 
383F 16 


7E 16 * 


37E0 16 

to 
37EF 16 


3FE0 16 

to 
3FEF 16 


7F 16 * 


37F0 16 

to 
37FF 16 


3FF0 16 

to 
3FFF 16 


80 16 


4000 16 

to 
400F 16 


4800! 6 

to 
480F 16 


81ie 


4010! 6 

to 
401 F 16 


481 0 16 

to 
481 F 16 


FD 16 


47D0 16 

to 
47DF 16 


4FD0 16 
to , 
4FDF 16 


FE 16 


47E0 16 

to 
47EF 16 


4FE0 16 

to 
4FEF 16 


FF 16 


47F0 16 

to 
47FF 16 


4FF0 16 

to 
4FFF 16 



^ For test pattern 



Fig. 32 Display start position of each character size 
(horizontal direction) 
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The character code used to specify a character to be dis- 
played is determined based on the address in the CRT dis- 
play ROM in which that character is stored. 
Assume that data for one character is stored at 3XX0 16 to 
3XXF 16 and 4XX0 16 to 4XXF 16 (XX denotes 00 16 to 7F 16 ) 
and 3YY0 16 to 3YYF 16 and 4YY0 16 to 4YYF 16 (YY denotes 
80 16 to FF 16 ), then the character code for it is "XX 16 ". 



In other words, character code for any given character is 
configured with two middle digits of the four-digit (hex- 
notated) addresses (3000 16 to 37FF 16 and 4000 16 to 
47FF 16 ) where data for that character is stored. 
Table 6 lists the character codes 



bit7 



3XX0 16 

or 
4XX0 16 



3XXF 16 

or 
4XXF 16 



bitO 



0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


1 " 


0 


0 


0 


0 


0 


0 


0 


1 


0 


0 


0 


0 


0 


0 


1 


0 


1 


0 


0 


0 


0 


0 


1 


0 


1 


0 


0 


0 


0 


1 


0 


0 


0 


1 


0 


0 


0 


1 


0 


0 


0 


1 


0 


0 


0 


1 


0 


0 


0 


1 


0 


0 


1 


0 


0 


0 


0 


0 


0 


0 


1 


1 


1 


1 


1 


1 


0 


0 


1 


0 


0 


0 


0 


0 


0 


1 


0 


0 


0 


0 


0 


0 


0 


1 


0 


0 


0 


0 


0 


0 


0 


1 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 




bit7 



3XX0 16 +0800 16 
or 

4XXd 6+080^ 6 



3XXF 16 +0800 16 
or 

4XXF 16 +0800 16 









\*> 


0 


0 


0 


0 










0 


0 


0 


0 










0 


0 


0 


0 




:ti 






0 


0 


0 


0 








< 


0 


0 


0 


0 










0 


0 


0 


0 


% 








0 


0 


0 


0 


i' 


1: 






0 


0 


0 


0 


;fe 


ft 


a* 




1 


0 


0 


0 


\f 

>s 








1 


0 


0 


0 






& 




1 


0 


0 


0 
0 










0 


1 


0 








% 


0 


1 


0 


0 






% 




0 


1 


0 


0 






"«t ' 


;t; 


0 


0 


0 


0 






U ; 




0 


0 


0 


0 



Fig. 33 Stored format for display characters 
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© CRT display RAM (addresses 2000 16 to 20D7 16 ) 
The CRT display RAM is allocated at addresses 2000 16 to 
20D7 16 , and is divided into a display character code spe- 
cifying part and display color specifying part for each block. 
Table 7 shows the contents of the CRT display RAM. 
When a character is to be displayed at the first character 
(leftmost) position in block 1, for example, it is necessary 
to write the character code to the eight bits (bits 0 to 7) in 
address 2000 16 and the color register No. to the two low- 
order bits (bits 0 and 1) in address 2080 16 . The color regis- 
ter No. to be written here is one of the four color registers 
in which the color to be displayed is set in advance. For 
details on color registers, refer to (5) Color Registers. 
The structure of the CRT display RAM is shown in Figure 
33. Write the character patterns at Table 8 and 9, when 
M37204M8-XXXSP is mask-ordered. 



Table 7. The contents of the CRT display RAM 



Block 


Display position (from left) 


Character code specification 


Color specification 




1st column 


2000 16 


2080i 6 




2nd column 


2001 16 


2081 16 




3rd column 


2002 16 


2082 16 


Block 1 










22th column 


2015 16 


2095 16 




23th column 


2016 16 


2096 16 




24th column 


201 7 16 


2097 16 




2018 16 


2098! 6 


Not used 


to 


to 




201 F 16 


209F 16 




1st column 


2020 16 


20A0 16 




2nd column 


2021 16 


20A1i 6 




3rd column 


2022 16 


20A2i 6 


Block 2 










22th column 


2035! 6 


20B5 16 




23th column 


2036! 6 


20B6 16 




24th column 


2037 16 


20B7i 6 




2038! 6 


20B8i 6 


Not used 


to 


to 




203 6 


20BF 16 




1 st column 


2040! 6 


20C0 16 




2nd column 


2041 is 


20C1 16 




3rd column 


2042ie 


20C2 16 


Block 3 










22th column 


2055i 6 


20D5 16 




23th column 


2056i 6 


20D6 16 




24th column 


2057! 6 


20D7 16 




2058i 6 


20D8 16 


Not used 


to 


to 




207Fi 6 


2FFF 16 
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Block 1 



Block 2, 3 



(Character specification) 

1st column : 2000 16 
to 

24th column : 201 7 16 



[Color specification] 

1st column : 2080 16 
to 

24th column : 2097 16 



[Character specification] 

1st column : 2020 16 
to 

24th column : 2037 16 



(Addresses 2040 16 to 2057 16 in the case of block 3) 



(Color specification) 



1st column I 20A0 16 
to 

24th column : 20B7 16 



■ Character code specification 
Specify 254 characters at 00 16 to FF 16 
(Except 7E and 7F) 



- Color register specification in the ordinary 
mode or former 1/2 color register specification 

in the 1/2-character unit color specification mode 

00 : Color register 0 specification 

01 : Color register 1 specification 

10 : Color register 2 specification 

11 ; Color register 3 specification 

- Latter 1/2 color register specification 

in the 1/2-character unit color specification mode 

00 : Color register 0 specification 

01 : Color register 1 specification 

10 : Color register 2 specification 

1 1 '. Color register 3 specification 



- Character code specification 

Specify 254 characters at 00 16 to FF 16 
(Except 7E and 7F) 



(Addresses 20C0 16 to 20D7 16 in the case of block 3) 



-Color register specification 

00 ! Color register 0 specification 

01 : Color register 1 specification 

10 '. Color register 2 specification 

1 1 ' Color register 3 specification 



Fig. 34 Structure of the CRT display RAM 
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Table 8. Test character patterns 1 



Address 


Data 


Address 


Data 


37E0 16 


40 16 


3FE0 16 


F0 16 


37E1 16 


04 16 


3FE1 16 


F0 16 


37E2 16 


oo 16 


3FE2 16 


F4 16 


37E3 16 


20 16 


3FE3 16 


F0 16 


37E4 16 


02 16 


3FE4 16 


F0 16 


37E5 16 


oo 16 


3FE5 16 


F2 16 


37E6 16 


10 16 


3FE6 16 


F0 16 


37E7 16 


01 16 


3FE7 16 


F0 16 


37E8 16 


80! 6 


3FE8 16 


F0 16 


37E9 16 


08! 6 


3FE9 16 


F0 16 


37EA 16 


oo 16 


3FEA 16 


F8 16 


37EB 16 


40 16 


3FEB 16 


F0 16 


37EC 16 


04 16 


3FEC 16 


F0 16 


37ED 16 


00 16 


3FED 16 


F4 16 


37EE 16 


20! 6 


3FEE 16 


F0 16 


37EF 16 


02 16 


3FEF 16 


F0 16 



Table 9. Test character patterns 2 



Address 


Data 


Address 


Data 


37F0 16 


00 16 


3FF0 16 


F0 16 


37F1 16 


00 16 


3FF1 16 


F0 16 


37F2 16 


oo 16 


3FF2 16 


F0 16 


37F3 16 


00! 6 


3FF3 16 


F0 16 


37F4 16 


oo 16 


3FF4 16 


F0 16 


37F5 16 


oo 16 


3FF5 16 


F0 16 


37F6 16 


oo 16 


3FF6 16 


F0 16 


37F7 16 


00 16 


3FF7 16 


F0 16 


37F8 16 


00! 6 


3FF8 16 


F0 16 


37F9 16 


00! 6 


3FF9 16 


F0 16 


37FA 16 


00! 6 


3FFA 16 


F0 16 


37FB 16 


00i 6 


3FFB 16 


F0 16 


37FC 16 


00i 6 


3FFC 16 


F0 16 


37FD 16 


00 16 


3FFD 16 


F0 16 


37FE 16 


00 16 


3FFE 16 


F0 16 


37FF 16 


oo 16 


3FFF 16 


F0 16 



(5) Color Registers 

The color of a displayed character can be specified by set- 
ting the color to one of the four color registers (COO to 
C03 1 addresses 00E6 16 to 00E9 16 ) and then specifying that 
color register with the CRT display RAM. 
There are four color outputs: R, G, B, and I. By using a 
combination of these outputs, it is possible to set 2 4 -1 
(when no output) = 15 colors. However, because only four 
color registers are available, up to four colors can be dis- 
played at one time. 

R, G, B, and I outputs are set by using bits 0 to 3 in the col- 
or register. Bit 4 in the color register is used to set a char- 
acter or blank output; bit 5 is used to specify whether a 
character output or blank output. Figure 35 shows the struc- 
ture of the color register. 



Color register 

Color register 0 (address 00E6 16 ) 
Color register 1 (address 00E7 16 ) 
Color register 2 (address 00E8 16 ) 
Color register 3 (address 00E9 16 ) 

I pin output bit 

0 : No character is output 

1 '. Character is output 

■ B pin output bit 

0 ! No character is output 

1 I Character is output 

- G pin output bit 

0 : No character is output 

1 : Character is output 

- R pin output bit 

0 '. No character is output 

1 : Character is output 

- OUT pin output bit (Note) 

0 '. No character or blank is output 

1 : Character or blank is output 

- OUT pin output control bit (Note) 

0 : OUT pin outputs character 

1 '. OUT pin outputs blank 



Note : When the character border function (described later) 
is used, the outline back output has priority over these 
two bits (bits 4 and 5) for the OUT pin output 
However, if bit 4 and bit 5 are both 1, to output the 
character background color, the background color of 
that character has priority 



Fig. 35 Structure of color registers 
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(6) 1/2-Character Unit Color Specification Mode 

By setting "1" to bit 4 in the CRT control register 1 
(address 00EA 16 ) it is possible to specify colors in units of 
a 1/2-character size (16 dots high X 6 dots wide) for char- 
acters in block 1 only. 

In the 1/2-character unit color specification mode, colors of 
display characters in block 1 are specified as follows: 



©The left half of the character is set to the color of the col- 
or register that is specified by bits 0 and 1 at the color 
register specifying addresses in the CRT display RAM 
(addresses 2080 16 to 2097 16 ). 

©The right half of the character is set to the color of the 
color register that is specified by bits 2 and 3 at the color 
register specifying address in the CRT display RAM 
(addresses 2080 16 to 2097 16 ). 



Color of the color register 


Color of the color register 




specified by bit 0 and bit 1 


specified by bit 0 and bit 1 


Block 1 


of address 2080 16 


of address 2081 16 





(a) Display in the ordinary mode 



Color of the color register 


Color of the color register 


Color of the color register 


Color of the color register 




specified by bit 0 and bit 1 


specified by bit 2 and bit 3 


specified by bit 0 and bit 1 


specified by bit 2 and bit 3 


Block 1 


of address 2080 16 


of address 2080 16 


of address 2081 16 


of address 2081 16 





(b) Display in the 1/2-character unit color specification mode 



Fig. 36 Difference between ordinary color specification mode and 1/2-character unit color specification mode 
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(7) Multi-line Display 

The M37204M8-XXXSP can ordinarily display three lines of 
characters, in three blocks with different vertical positions. 
In addition, up to 16 lines can be displayed by using CRT 
interrupts and the display block counter. 
The CRT interrupt is a function that generates an interrupt 
for each block at the point at which the display of any de- 
sired number of dots has been completed. In other words, 
when a scanning line reaches the point of display position 
(specified with vertical and horizontal position registers) of 
a certain block, the character display of that block starts, 
and an interrupt is issued at the point at which the number 
of dots set by the interrupt position control register is ex- 
ceeded. 

The display block counter counts the number of times the 
display of a block has been completed, and its contents are 
incremented by 1 each time the display of one block is 
completed. 

To provide multi-line display, enable CRT interrupts by 
clearing the interrupt disable flag to "0" and setting the 
CRT interrupt enable bit (bit 4 of address 00FE 16 ) to "1". 
To processing within the CRT interrupt processing routine 
is as follows: 



©Read the value of the display block counter. 

©The block for which display is terminated (i.e., the cause 
of CRT interrupt generation) can be determined by the 
value read in ©. 

(D Replace the display character data and display position 
of that block with the character data (contents of CRT 
display RAM) and vertical display position (contents of 
vertical position register) to be displayed next. 

Figure 37 shows the structure of the display block counter. 



7 0 

| | | [ | | I | | Display block counter 
I I I I (address 00EB 16 ) 

J — I — I — I— Indicates number of blocks that are 
being displayed or were displayed 
(Incremented each time a block is 
displayed) 

Fig. 37 Structure of display block counter 







Count value Interrupt 








position 








0 






Block 1 












Block 2 






1 
















2 






Block 3 












Block V 






3 








4 









Fig. 38 Timing of CRT interrupt and count value of display block counter 
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(8) Scanning Line Double Count Mode 

One dot in a displayed character is normally shown by one 
scanning line. In the scanning line double count mode, one 
dot can be shown by two scanning lines. As a result, the 
displayed dot is extended two times the normal size in the 
vertical direction only. (That is to say, the height of a char- 
acter is extended twofold.) 

In addition, because the scanning line count is doubled, the 
display start position of a character is also extended two- 
fold in the vertical direction. In other words, whereas the 
contents set in the vertical position register in the normal 
mode are 256 steps from 00 16 to FF 16 , or four scanning 
lines per step, the number of steps in the scanning line 
double count mode is 128 from 00 16 to 7F 16 , or eight scan- 
ning lines per step. 



If the contents of the vertical position register for a block 
are set in the address range of 80i 6 to FF 16 in the scanning 
line double count mode, that block cannot be displayed 
(not output to the CRT screen). 

In the scanning line double count mode can be specified 
by setting bit 6 in the CRT control register 1 (address 
00EA 16 ) to "1". 

Because this function works in units of screen, even when 
the mode is changed the mode about the scanning line 
count during display of one screen, the double count mode 
only becomes valid from the time the next screen is dis- 
played. 



Vertical position A 



J> Scanning line 16 lines 



AX2 



Vertical position AX2 



> Scanning line 32 lines 



(a) Display in the normal mode (b) Display in the scanning line double count mode 

Note : This scanning line double count mode can be used when RC/LC oscillation is used in the CRT oscillation 



Fig. 39 Display in the normal mode and in the scanning line double count mode 
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(9) Character Border Function 

A one clock (one dot) border can be drawn around each 
character displayed, in both horizontal and vertical direc- 
tions. 

The border is output from the OUT pin. In this case, bits 4 
and 5 in the color register (the OUT pin output contents) 
are ignored, and the border output is from the OUT pin. 



The border can be set in block units by the border selec- 
tion register (address 00E5 16 ) • The border output takes 
priority over OUT output of color register, but in case of 
character background coloring is set, the border output 
can't output. Table 10 shows the relationship between the 
values set in the border selection register and the charac- 
ter border function. Figure 41 shows the structure of the 
border selection register. 



Table 10. The relationship between the value set in the border selection register and the character border function 



Border selection register 


Functions 


Example of output 


MDn1 


MDnO 


X 


0 


Normal 


R, G, B, 1 output r~l 
OUT output _n_ 


0 


1 


Border including character 


R, G, B, 1 output PI 

OUT output — 1 l_ 


1 


1 


Border excluding character 


R, G, B, 1 output TT 

OUT output — TT— TT— 




□ is border 

■ is display by character data 



I 



] Border selection register 
(Address 00E5 16 ) 



Block 1 OUT output border selection bit 

0 : The same as R, G, B is output 

1 : Border is output 

Block 1 output switch bit 

0 '. Border including character 

1 : Border only 

Block 2 OUT output border selection bit 

0 '. The same as R, G, B is output 

1 I Border is output 

• Block 2 output switch bit 

0 : Border including character 

1 : Border only 

- Block 3 OUT output border selection bit 

0 : The same as R, G, B is output 

1 Border is output 

Block 3 output switch bit 

0 : Border including character 

1 : Border only 



Fig. 41 Structure of border selection register 



Fig. 40 Example of border 
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(10) CRT Output Pin Control 

CRT output pins R, G, B, I, and OUT are respectively 
shared with port P5 2 , P5 3) P5 4 , P5 5 , and P5 6 . When the cor- 
responding bits in the port P5 direction register are cleared 
to "0", the pins are set for CRT output; when the bits are 
set to "1", the pins function as port P5 (general- purpose 
output pins). 

The polarities of CRT outputs (R, G, B, I, and OUT, as well 
as Hsync and V S ync) can be specified by using the CRT 
port control register (address 00EC 16 ). 
Use bits 0 to 4 in the CRT port control register to set the 
output polarities of Hsynci Vsync> 

R/G/B, I, and OUT. When 
these bits are cleared to "0", a positive polarity is selected; 



when the bits are set to "1", a negative polarity is selected. 
Bits 5 to 7 in the CRT port control register, bit 0 in the CRT 
control register 2 (address 0208 16 ) and bit 7 in the charac- 
ter size register (address 00E4 16 ) are used to specify pin 
by pin whether normal video signals or R-MUTE, G-MUTE, 
B-MUTE, l-MUTE, OUT-MUTE and signals are output from 
each pin (R, G, B, I, OUT). When set for R-MUTE, G- 
MUTE, and B-MUTE outputs, the whole background colors 
of the screen become red, green, and blue. When set for I- 
MUTE and OUT-MUTE output, the whole background of the 
screen become I and OUT signal. 

Figure 42 shows the structure of the CRT port control reg- 
ister. 



7 o 
| | j j | j | I | CRT port control register 
I I I I I I I I (address 00EC 16 ) 

Hsync input polarity selection bit 

0 I Positive polarity 

1 : Negative polarity 

Vsync input polarity selection bit 

0 : Positive polarity 

1 : Negative polarity 

' R/G/B output polarity selection bit 

0 : Positive polarity 

1 : Negative polarity 

I I output polarity selection bit 

0 : Positive polarity 

1 : Negative polarity 

' OUT output polarity selection bit 

0 ' Positive polarity 

1 : Negative polarity 

' R pin output switch bit 

0 : R signal output 

1 : R-MUTE signal output 

' G pin output switch bit 

0 : G signal output 

1 : G-MUTE signal output 

' B pin output switch bit 

0 : B signal output 

1 : B-MUTE signal output 



Fig. 42 Structure of CRT port control register 



/ 
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The CRT can be operated by clocks from three different 
sources that can be selected with bits 0 and 1 of the CRT 
clock selection register (address 0209 16 ). 



CRT clock selection register 
(address 0209 16 ) 


CRT control register (address 00EA 16 ) 


, CRT clock source 


Bit 1 


BitO 


Bit 6 


0 


0 


0 or 1 
(Either one OK) 


Connects the RC/LC pin to the OSC1 and OSC2 pins, and supplies 
the clock produced by an RC/LC oscillation circuit to the CRT 


0 


1 


0 


Supplies the internal clock from OSC, N and OSCout (ceramic 
resonator) to the CRT 

The oscillation frequency is limited, so the lateral size of display 
characters is also limited In this case, the OSC1 and OSC2 pins 
can be used for AD input or port input 


1 


0 




Do not use this setting 


1 


1 


1 


If a CRT-dedicated ceramic resonator and a feedback resistor are 
connected to the OSC1 and OSC2 pins, the clock generated by the 
resultant oscillation is supplied to the CRT (another ceramic re- 
sonator in addition to the one connected to the OSC, N and OSCout 
pins of the microcomputer is necessary) 



Fig. 43 CRT clock source and the vaules of CRT clock selection register and CRT control register 















P7i 


P7 0 



Port control register (address 0206! 6 ) 



Port data input bits 

This input data is valid when bit 0 of the CRT clock selection register is "1" and bit 1 is "0" 



D-A pin input/output format bit 

0 : AD3 input 

1 : 14-bit PWM output 



Fig. 44 Port control register 
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(11) Character background coloring 

The backgroung part of a character (its 12X16 dot area) 
can be colored as specified by bits 4 and 5 of the color 
registers (addresses 00E6 16 to 00E9 16 ) and bits 2, 3, and 4 
of the CRT control register 2 (address 0208 16 )- 
Set "1" in bits 4 and 5 of the color register of the character 
whose background is to be colored, and specify the back- 
ground color with bits 2, 3, and 4 of the CRT control regis- 
ter 2. This means that the color of the character is paired 
with the background color of that character, so that up to 
four color pairs can be used in each screen (eight back- 
ground colors are possible). 

The structure of the CRT control register 2 is shown in Fi- 
gure 45. 



Table 11. Coloring of character background by RGB 
output signals 



CRT control register 2 


RGB output 


Bit 4 (B) 


Bit 3 (G) 


Bit 2 (R) 


Color 


0 


0 


0 


Black 


0 


0 


1 


Red 


0 


1 


0 


Green 


0 


1 


1 


Yellow 


1 


0 


0 


Blue 


1 


0 


1 


Magenta 


1 


1 


0 


Cyan 


1 


1 


1 


White 



7 0 

CRT control register 2 (address 0208 16 ) 



— I output switching bit 

0 : I output 

1 : l-MUTE output (background of entire screen enabled by I signal) 

I pin output format bit 

0 : I output/l-MUTE output 

1 1/2 timer 1 clock output 

Character background color specification bits 



Fig. 45 Structure of CRT control register 2 
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G(Green) 




R(Red) 



Character 
background 
B(Blue; 



G+B 
(Cyan) 



c 



(Red) 



R 

(Red) 



Character 



Color registers (addresses 00E6 16 to 00E9 16 ) 



A 
B 
C 



Bit 5 


Bit 4 


Bit 3 


Bit 2 


Bit 1 


Bit 0 


1 


1 


0 


1 


0 


0 


1 


1 


0 


1 


1 


0 


0 


0 


0 


0 


1 


0 


0 


0 


1 


0 


0 


0 






(R) 


(G) 


(B) 


(I) 



CRT control register 2 
(address 0208 16 ) 



Bit 4 


Bit 3 


Bit 2 


1 


0 


0 



(B) 



(G) 



(R) 



Note ' If an outline character and a character background color character 
from the same row are output, and if a character background color is 
applied to a character which touches the 12X16 dot frame, one dot 

of the outline of that character will be output. Unwanted dots to be aware of 




Fig. 46 Display example 
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(12) Scroll Function 

© Scroll mode 

The M37204M8-XXXSP allows the display area to be gra- 
dually expanded or shrunk in the vertically direction in units 
of 1H (H: Hsync signal). There are three modes for this 
scroll method. Each mode has DOWN and UP modes, pro- 
viding a total of six modes. 
Table 13 shows the contents of each scroll mode. 
© Scroll speed 

The scroll speed is determined by the vertical synchroniza- 
tion (Vsync) signal. For the NTSC interlace method, assum- 
ing that 

V=16.7ms 262.5 H SY nc signals per screen 

we obtain the scroll speed as shown in Table 14. 

Scroll resolution varies with each scroll mode. In mode 1 

and mode 2, one of three resolutions (1H, 2H, 4H) can be 

selected. In mode 3, scroll is done in units of 4H alone. 



7 0 




| | | Scroll mode register 




Mode selection bits 
00 : Scroll disable 



01 : Mode 1 

10 : Mode 2 

11 : Mode 3 



Direction mode selection bit 

0 : DOWN mode 

1 : UP mode 



Scroll unit selection bits 



00 : 1 H unit 

01 : 2H unit 
10 : 4H unit 



Stop mode selection bit 



00 : Stop at the 31 2th H 

01 : Stop at the 156th H 

1 0 : Stop at the 256th H 

1 1 : Stop at the 1 28th H 



Fig. 47 Structure of scroll mode register 
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Table 12. Scroll operation in each mode and the values of scroll mode register 



Mode 


Scroll operation 


Scroll mode register 


v Bit 2 


Bit 1 


BitO 


1 


DOWN 


Appear from 
upper side 




A B C D E F 
G H 1 J K L 
M N O P Q R 


Dc 

ON 

OFF \ 


wn L 


P 


0 


0 


1 


UP 


Erase from 
lower side 


1 


0 


1 


2 


DOWN 


Erase from 
upper side 




G H 1 J K L 
M N O P Q R 
S T U V W X 


Do 

OFF 
ON < 


wn U 


P 


0 


1 


0 


UP 


Appear from 
lower side 


1 


1 


0 


3 


DOWN 


Erase from both 
upper and lower side 




' >> 

G H 1 J K L 
M N O P Q R 


Down Up 

-t i 


0 


1 


1 


UP 


Appear to both 
upper and lower side 


1 


1 


1 



Table 13. Scroll speed 



Scroll resolution 


Scroll speed (in all picture) 


1 H unit 


16. 7 (ms) X262. 5-M == 4 (s) 


2 H unit 


16.7 (ms) X262.5^ 2 = 2 (s) 


4 H unit 


16.7 (ms) X262.5-^ 4 = 1 (s) 



Table 14. Scroll mode and scroll resolution 



Mode 


Scroll 
resolution 


Scroll speed 


Mode 1 
Mode 2 


1 H Unit 


about 4 second 


2 H Unit 


about 2 second 


4 H Unit 


about 1 second 


Mode 3 


4 H Unit 


about 1 second 
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INTERRUPT INTERVAL DETERMINATION 
FUNCTION 

The M37204M8-XXXSP incorporates an interrupt interval 
determination circuit. This interrupt interval determination 
circuit has an 8-bit binary counter as shown in Figure 48. 
Using this counter, it determines a duration of time from the 
rising transition (falling transition) of an input signal pulse 
on the INT1 or INT2 to the rising transition (falling 
transition) of the signal pulse that is input next. 
The following describes how the interrupt interval is deter- 
mined. 

1 . The interrupt input to be determined (INT1 input or 
INT2 input) is selected by using bit 2 in the interrupt 
interval determination control register (address 
00D8 16 ). When this bit is cleared to "0", the INT1 input 
is selected; when the bit is set to "1", the INT2 input is 
selected. 

2. When the INT1 input is to be determined, the polarity 
is selected by using bit 3 in the interrupt interval deter- 
mination control register; when the INT2 input is to be 
determined, the polarity is selected by using bit 4 in 
the interrupt interval determination control register. 
When the relevant bit is cleared to "0", determination is 
made of the interval of a positive polarity (rising 



transition); when the bit is set to "1", determination is 
made of the interval of a negative polarity (falling 
transition). 

The reference clock is selected by using bit 1 in the 
interrupt interval determination control register. When 
the bit is cleared to "0", a 64yus clock is selected; when 
the bit is set to "1", a 32/us clock is selected (based on 
an oscillation frequency of 4MHz in either case). 
Simultaneously when the input pulse of the specified 
polarity (rising or falling transition) occurs on the INT1 
pin (or INT2 pin), the 8-bit binary counter starts count- 
ing up with the selected reference clock (64/^s or 32 
ms). 

Simultaneously with the next input pulse, the value of 
the 8-bit binary counter is loaded into the determina- 
tion register (address 00D7 16 ) and the counter is im- 
mediately reset (00 16 )- The reference clock is input in 
succession even after the counter is reset, and the 
counter restarts counting up from "00 16 " 
When count value "FE 16 " is reached, the 8-bit binary 
counter stops counting. Then, simultaneously when the 
reference clock is input next, the counter sets value 
"FF 16 " to the determination- register. 



INT1 ~ 

(Note) 



32/u s 



RE! 



i 



Control 
circuit 



RE 0 



8-bit binary up counter 



Digital 
filter 



Interrupt interval determination circuit 



Address 00D7 16 



Data bus 



Note : The pulse width of external interrupt INT1 and INT2 need more than 5 machine cycles 
Abbreviations 

RE 2> REl RE 0 '• Bit2, bit! and bitO of interrupt space distinguish control register, respectively 



Fig. 48 Block diagram of interrupt interval determination circuit 
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Interrupt space distinguish control register 
(Address 00D8i 6 ) 



Remote control determination circuit operation selection bit 

0 Operation stop 

1 : Operation start 



Standard clock selection bit 

0 : 64m$ (Atf(X, N )=4MHz) 

1 : 32jus (Atf(X IN )=4MHz) 

External interrupt input pin selection bit 

0 : INT1 input 

1 : INT2 input 



INT1 pin input polarity switch bit 

0 '. Positive polarity 

1 Negative polarity 



INT2 pin input polarity switch bit 

0 '. Positive polarity 

1 : Negative polarity 



Fig. 49 Structure of interrupt space distinguish control register 



RUNAWAY DETECTION FUNCTION 

The M37204M8-XXXSP has a decode function for unde- 
fined instructions, to detect runaway. 
If an opecode that is not defined in the instruction codes is 
input to the CPU, this function generates an undefined in- 
struction decode signal from the CPU, the generation of 
this signal activates an internal reset, and the program res- 
tarts from the reset vector. 

If the microcomputer is in single-chip mode and bit 4 of the 
CPU mode register is "0" (CM 0 = CM 1 = CM 4 =0) , the 0 
output pin is switched to reset output to post the generation 
of the reset to the outside as well. 
Note that this function cannot be disabled. 
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RESET CIRCUIT 

The M37204M8-XXXSP is reset according to the sequence 
shown in Figure 50. It starts the program from the address 
formed by using the content of address FFFF 16 as the high 
order address and the content of the address FFFE 16 as the 
low order address, when the RESET pin is held at "L" level 
for no less than 2^s while the power voltage is 5V±10% 



and the crystal oscillator oscillation is stable and then re- 
turned to "H" level. The internal initializations following re- 
set are shown in Figure 51. 

An example of the reset circuit is shown in Figure 52. The 
reset input voltage must be kept below 0.6V until the supp- 
ly voltage surpasses 4.5V. 



f(x, N ) J"L1 



RESET 



Internal RESET 

SYNC 
Address 
Data 



JIUUL 



Reset address from the vector table 



32768 count of f(X, N ) (Note 3) 



Note 1 '■ Frequency relation of f(X| N ) and <f> is f(X, N )=2 • <f>. 

2 '. The mark "? " means that the address is change- 

able depending on the previous state 

3 '. Immediately after a reset, FF 16 is automatically set 

in timer 3 and 07 16 in timer 4 and timer 4, timer 3 
and the clock (f(X m ) divided by 16) are con- 
nected in series 

Reset state is canceled by the overflow signal of timer 
4 



Fig. 50 Timing diagram at reset 
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Port PO direction register 
Port P1 direction register 
Port P2 direction register 
Port P3 direction register 
Port P4 direction register 
Port P5 direction register 
Port P6 direction register 
PWM output control register 1 
PWM output control register 2 

Interrupt space 
distinguish register 
Interrupt space 
distinguish control register 

Special mode register 1 
Special mode register 2 
Serial 1/01 mode register 
Serial I/02 mode register 
Horizontal position register 
Color register 0 
Color register 1 
Color register 2 
Color register 3 
CRT control register 
Display block counter 
CRT port control register 
Scroll control register 
A-D control register 1 
Timer 1 
Timer 2 
Timer 3 
Timer 4 

Timer 12 mode register 
Timer 34 mode register 
CPU mode register 
Interrupt request register 1 
Interrupt request register 2 
Interrupt control register 1 
Interrupt control register 2 
Port control register 
Shift register input control register 
CRT control register2 
CRT clock selection register 
Processor status register 
Program counter 



Address 

:o oc i 

iO 0C3 
:0 0C5 

:o 0 C 7 

;0 0C9 

0 OCB 

0 0 CD 

0 0D5 

0 0 D 6 
: 0 0 D 7 

0 0D8 

0 0 DA 

0 0 DB 
; 0 0 DC 

0 0 D E 

0 0 E 0 

0 0 E 6 

0 0 E 7 

0 0 E 8 

0 0 E 9 

0 0 E A 

0 0 E B 

0 0 EC 

0 0 ED 

0 0 E F 

:o 0 F 0 

0 0 F 1 
0 0 F 2 
0 0 F 3 
0 0 F 4 

!0 0 F 5 
!0 0 F B 
: 0 0 F C 
;o 0 F D 
:o 0 F E 

!0 0 F F 
!0 2 0 6 
iO 2 0 7 

:o 2 0 8 
: 0 2 0 9 
(PS 

(pc h ; 

(PC 



| oo 16 | 


| 00, 6 | 


| 00, 6 | 


1 1 ° 1 ° 1 ° 1 ° 


• 


o 


•I 


| oo 16 | 


I l 0 l°l°l 0 






I 


| Ode 


| oo 16 | 


I I I M° 


0 


0 


o| 


| oo 16 | 


| 00 16 | 


| 00,e J 


00 16 I 


I I |o|o|o 


° 


° 


°l 


I I |o|o|o 


0 




•I 




° 


» 


"I 






o 


•I 






0 


0 




° 


° 


°l 


I I | o | o | 0 


0 




0 


| 00 16 | 


I n 1 1° 


o 


• 


o| 


| 00,6 j 




° 


0 


o| 


1 1 !°l 1° 


° 


-° 


•I 


1 Fp16 J 


| 07,6 J 


I Fp16 


| 07,e 


| 0 | 0 


0 


0 


o| 
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0 


0 


o| 


1 1 1 1 1 1 1 1 1 1 


1 


0 


0 


M I o Sol 0 


0 


0 


0 


I I I 00 


0 


0 


0 


I I | o | 0 | 0 


0 


0 


o| 


I I | o | o 


0 


0 


0 


I I °l I 






0 


o| 






0 


0 






0 


0 


I I I I I 1 1 1 I I 


I Contents of address I 
I FFFF 16 I 


| Contents of address | 
I PFFE,6 | 



Supply voltage OV • 



Reset input 

voltage OV 




64 



29 



0.1//F 



32 



RESET 



M37204M8-XXXSP 



Fig. 52 Example of reset circuit 



Since the contents of both registers other than those listed 
above and the RAM are undefined at reset, it is necessary to 
set initial values 

At reset, "0" is read from all bits which is not used 



Fig. 51 Internal state of microcomputer at reset 



2-242 



MITSUBISHI MICROCOMPUTERS 

M37204M8-XXXSP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 

with ON-SCREEN DISPLAY CONTROLLER 



I/O PORTS 

(1) PortPO 

Port PO is an 8-bit I/O port with CMOS output. 
As shown in the memory map (Figure 3), port PO can 
be accessed at zero page memory address 00C0 16 - 
Port PO has a direction register (address 00C1 16 ) 
which can be used to program each individual bit as 
input ("0") or as output ("1"). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 
Depending on the contents of the processor mode bits 
(bit 0 and bit 1 at address 00FB 16 ) , three different 
modes can be selected; single-chip mode, memory ex- 
pansion mode and microprocessor mode. 
In these modes it functions as address (A 7 — A 0 ) output 
port (excluding single-chip mode) . For more details, 
see the processor mode information. 

(2) Port P1 

In single-chip mode, port P1 has the same function as 
port PO. In other modes, it functions as address (A 15 — 
A 8 ) output port. 

Refer to the section on processor modes for details. 

(3) PortP2 

In single-chip mode, port P2 has the same function as 
port PO. In other modes, it functions as data (D 0 — D 7 ) 
input/output port. Refer to the section on processor 
modes for details. 

(4) PortP3 

Port P3 is a 7-bit I/O port with function similar to port 
PO, but the output structure of P3 0) P3-, is CMOS output 
and P3 2 — P3 6 is N-channel open drain. 
P3 2 , P3 3 are in common with the external clock input 
pins of timer 2 and 3. 

P3 4 , P3 6 are in common with the external interrupt input 
pins INT1, INT2 and P3 2> P3 5 , P3 6 with the analog input 
pins of A-D converter A-D6, A-D1, A-D2. 
In the microprocessor mode or the memory expansion 
mode, P3 0 , P3 A works as R/W signal output pin and 
SYNC signal output pin respectively. 



(5) PortP4 

Port P4 is an 8-bit I/O port with function similar to port 
PO, but the output structure is N-channel open drain 
output. 

All pins have program selectable dual functions. When 
a serial 1/01 function is selected, P4 0 — P4 3 work as in- 
put/output pins of serial 1/01. When a serial I/02 func- 
tion is selected, P4 4 — P4 7 work as input/output pins of 
serial I/02. 

In the special serial I/O mode, P4 4 , P4 5 work as SDA, 
SCL pins. P4 6 , P4 7 are in common with PWM9 and 8 
output pins. 

(6) OSC1, OSC2 pins 

Clock input/output pins for CRT display function. 
OSC1, OSC2 are in common with the analog input pins 
of A-D converter A-D4, A-D5. 

OSC1, OSC2 are in common with the input port P7 0 , 

(7) Hsync, V SYNC pins 

Hsync is a horizontal synchronizing signal input pin for 
CRT display 

Vsync is a vertical synchronizing signal input pin for 
CRT display. 

(8) R, G, B, I, OUT pins 

This is a 5-bit output pin for CRT display and in com- 
mon with P5 2 — P5 6 . 

(9) Port P6 

Port P6 is an 8-bit I/O port with function similar to port 
PO, but the output structure is N-channel open drain 
output. 

This port is in common with 8-bit PWM output pin 
PWM0-PWM7. 

(10) D-A pin 

This is a 14-bit PWM output pin. 

(11) 0pin 

The internal system clock (1/2 the frequency of the 
oscillator connected between the X, N and X Q ut pins) is 
output from this pin. If an STP or WIT instruction is ex- 
ecuted, output stops after going "H". 
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Port PO, P1, P2, P3 0l P3t 



-it 



Data bus 



Port P3 2 -P3 6l P4 0 -P4 5 



Data bus - 



Port P4 6) P4 7> P6 



Data bus 



Direction register 



Port latch 



Direction register 



Direction register 



Port latch 



Y 3 



CMOS tri-state output 

-e- 



rfr 



Q Port PO, P1 , P2, P3 0 , P3i 



N-channel open dram output 



-O 



Port P3 2 -P3 6) P4 0 -P4 5 



li 

m 



77T 



f 



Note : P3 2 , P3 3 may also be used as 
timer inputs 
P3 4l P3 6 may also be used as 
external interrupt inputs 
P3 2 , P3 5 , P3 6 , P4 2) P4 3 may 
also be used as input pins for 
A-D converter 

P4 0 — P4 5 may also be used as 
serial I/O pins 

N-channel open d ram output 

O Port P4 6. P4 7l P6 

Note *. P4 6> P4 7 , P6 may also be used as 
8-bit PWM output pins 
P4 6 , P4 7 may also be used as 
serial I/O pins 



"SYNC VsyNC 



Data bus 



Schmitt input 



, R, G, B, I, OUT 



n 



CMOS output 



u 



-o 



<f>, R, G, B, I, OUT 



m 



Note : R, G, B, I, OUT pin may 
jff also be output port 

P5 2 -P5 6 



Fig. 53 Block diagram of ports PO— P6 (single-chip mode) and output format of <t>, R, G, B, I OUT 



2-244 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M37204M8-XXXSP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 

with ON-SCREEN DISPLAY CONTROLLER 



PROCESSOR MODE 

By changing the contents of the processor mode bits (bit 0 
and 1 at address 00FB 16 ) , three different operation modes 
can be selected; single-chip mode, memory expansion 
mode, and microprocessor mode. 

In the memory expansion mode and the microprocessor 
mode, ports PO— P3 can be used as address, and data in- 
put/output pins. 

Figure 55 shows the functions of ports PO— P3. 
The memory map for the single-chip mode is shown in Fi- 
gure 2 and for other modes, in Figure 54. 
By connecting CNV SS to V ss , all three modes can be 
selected through software by changing the processor mode 
bits. Connecting CNV SS to V cc automatically forces the 
M37204M8-XXXSP into memory expansion mode. 
The three different modes are explained as follows: 



(1) Single-chip mode [00] 

The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNV SS is con- 
nected to V ss . Ports PO— P3 will work as I/O ports. 

(2) Memory expansion mode (01) 

The microcomputer will be placed in the memory ex- 
pansion mode after connecting CNV S s to V C c and in- 
itiating a reset or connecting CNV SS to V ss and the pro- 
cessor mode bits are set to "01". This mode is used to 
add external memory when the internal memory is not 
sufficient. 

In this mode, port PO and port P1 are as a system 
address bus and its I/O port function is lost. 
Port P2 becomes the data bus of D 7 — D 0 (including in- 
struction code) and loses its I/O port function. Port P3 0 
and P3i works as R/W and <f>. 

(3) Microprocessor mode [10] 

When CNVss is connected to V ss and the processor 
mode bits are set to "10", the microcomputer will auto- 
matically default to microprocessor mode. In this mode, 
the internal ROM is inhibited so the external memory is 
required. Other functions are same as the memory ex- 
pansion mode. The relationship between the input level 
of CNV SS and the processor mode is shown in Table 
14. 

Note : Use the M37204M8-XXXSP in the microprocessor 
mode or the memory expansion mode only at 
program development. 

The standards is assured only in the single-chip 
mode. 



FFFF 16 



cooo ie 




01 OO^ 

ooco 16 



0000 1( 



Internal RAM 



Special function 
registers 



Internal RAM 



Memory expansion 
mode 



Internal RAM 



Special function 
registers 



Internal RAM 



Microprocessor mode 
The shaded area is external memory area 



Fig. 54 External memory area at each processor mode 
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CM, 


0 


0 


i 


CM 0 


0 


1 


0 


\Mode 
Port \ 


Single-chip 
mode 


Memory expansion 
mode 


mode 


Port PO 


ll I I 

Ports P0 7 — P0 0 
Y I/O port 


r 1 1 — 

d 1 1 

Ports P0 7 — P0 0 

Y Addresses 

A A 7 -A 0 A 


Same as left 


Port P1 


d 1 1 

Ports PI7-PI0 


d 1 1 

Ports PI7-PI0 


Same as left 


m \r m 

If I/O port 


V# AHHroccAQ \M 

-A A ^ A « A. 






Port P2 


ii r 

Ports P2 7 -P2 0 
WO port 


d I I 

Ports P2 7 — P2 0 

"\ J Data \ 
/ A D 7 -D 0 A" 


Same as left 


Port P3 


J I i 

Ports P3 2 — P3 6 


d I I 

Ports P3 2 ~P3 6 


Same as left 


jt I/O port 


jt I/O port 


Port P3i 


Port P3i 


I/O port 
Port P3 0 


"X sync X" 

Port P3 0 


I/O port 


~X r/w y~ 



Fig. 55 Processor mode and function of ports PO— P3 (CM 1( CM 0 - Bit 1 and bit 0 of CPU mode register) 



Table 15. Relationship between CNV SS pin input level and processor mode 



CNVss 


Mode 


Explanation 


V SS 


• Single-chip mode 

• Memory expansion mode 

• Microprocessor mode 


The single-chip mode is set by the reset All modes can be selected by changing the pro- 
cessor mode bit with the program 


Vcc 


• Memory expansion mode 


The memory expansion mode is set by the reset 



2-246 



WW 



MITSUBISHI MICROCOMPUTERS 

M37204M8-XXXSP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 

with ON-SCREEN DISPLAY CONTROLLER 



CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
58. 

When an STP instruction is executed, the internal clock 4> 
stops oscillating at "H" level. At the same time, timer 3 and 
timer 4 are connected automatically and FF 16 is set in the 
timer 3, 07 16 is set in the timer 4, and timer 3 count source 
is forced to f (X )N ) divided by 16. This connection is cleared 
when an external interrupt is accepted or the reset is in, as 
discussed in the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the clock <t> keeps its "H" level until timer 4 over- 
flows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 
When the WIT instruction is executed, the clock <t> stops in 
the "H" level but the oscillator continues running. This wait 
state is cleared when an interrupt is accepted. Since the 
oscillation does not stop, the next instructions are executed 
at once. 

To return from the stop or the wait status, the interrupt en- 
able bit must be set to "1" before executing STP or WIT in- 
struction. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 56. 



The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock usage is shown in Figure 57 
X, N is the input, and X OU t is open. 



M37204M8-XXXSP 



30 



1Mfl 

-AVV — 



31 



Rd 



i C "N 4MHz 
to 

■jfr- 6MHz 



l 

I 



CqUT 



Fig. 56 External ceramic resonator circuit 



M37204M8-XXXSP 


X 


IN 


30 ' 





External oscillating 
circuit 



Fig. 57 External clock input circuit 



Interrupt request 



Interrupt _J 
disable flag I 




Reset 



STP instruction - 



S Q 



WIT 

instruction 



S Q 



Q S 



- STP instruction 



6 



1/2 



Internal clock '<f> 



1/8 



T34M 0 



6 



Timer 3 



Timer 4 



o 

TIM3 



T34M 2 



T34M 2 , T34M 0 • Bit 2 and bit 0 of timer 34 mode register 



Fig. 58 Block diagram of clock generating circuit 
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DISPLAY OSCILLATION CIRCUIT 

The CRT display clock oscillation circuit has built-in RC 
oscillation circuits, so that a clock can be obtained simply 
by connecting an RC circuit between the OSC1 and OSC2 
pins. 

An internal clock can also be used as the CRT display 
clock, in which case the OSC1 and OSC2 pins can be used 
as P7 0 , P7 1( AD4, and AD5 input pins. 



OSC1 



C1 



T T 



C2 



Example of oscillation 
(reference values) 
C1=22pF 
C2=15pF 

Rf(vanable resistance)=1 kQ 
f CRT ^7MHz 



Fig. 59 Display oscillation circuit 

AUTO CLAER CIRCUIT 

When power is supplied, the auto-clear function can be 
performed by connecting the following circuit to reset pin. 



PROGRAMMING NOTES 

(1) The frequency ratio of the timer is 1/(n+1). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program) , those instruction are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as an NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) After the ADC and SBC instructions are executed (in 
decimal mode) , one instruction cycle (such as an 
NOP) is needed before the SEC, CLC, or CLD instruc- 
tions are executed. 

(4) An NOP instruction must be used after the execution of 
a PLP insturction. 

(5) In order to avoid noise and latch-up, connect a bypass 
capacitor (~0.1//F) directly between the V cc pin and 
V ss pin using a heavy wire. 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders 

(1) mask ROM order confirmation form 

(2) mark specification form 

(3) ROM data EPROM 3 sets 



Circuit example 1 

-e- 




RESET 



T 
I 




T 
I 



T 



1 



T 



Note Make the level change from "L" to "H" at the point at 
which the power voltage exceeds the rated voltage 



Fig. 60 Auto clear circuit example 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




—0. 3 to 6 


V 


V, 


Input voltage CNV S s 




—0. 3 to 6 


V 




Input voltage P0 0 -P0 7 , P1o~ PI7. P2 0 -P2 7 , P3 0 -P3 6 , 


With respect to V S s 






v, 


P4 0 -P4 7 , P60-P67, P7 0 -P7 7 ,A-D1-A-D8 
Hsync. Vsync, RESET, X, N , OSC1 


Output transistors are at "off" state 


—0. 3 to Vcc+0. 3 


V 




Output voltage P0 0 — P0 7 , P1 0 — PI7, P2 0 — P2 7> 








V 0 


P3 0 -P36, P4 0 -P4 5) R, G, B, I, OUT, 
D-A, Xout. OSC2 




—0. 3 to Vcc+0. 3 


V 


V 0 


Output voltage P4 6 , P4 7 , P6 0 — P6 7 




—0. 3 to 13 


V 




Circuit current R, G, B, I, OUT, P0 0 — P0 7 , 








'oh 


PI0-PI7. P2 0 -P2 3 , 
P3 0 , P3i, D-A 




0 to 1 (Note 1 ) 


mA 




Circuit current R, G, B, I, OUT, P0 o -PO 7 , 








'oi_i 


P1 0 -P1 7 , P2 0 -P2 3 , 
P3 0 -P3 6 , P4 0 -P4 3 , D-A 




0 to 2(Note 2) 


mA 


'oL2 


Circuit current P6 0 ~P6 7 , P4 6 , P4 7 




0 to 1 (Note 2) 


mA 


'oL3 


Circuit current P2 4 — P2 7 




0 to 10(Note 3) 


mA 


'oi_4 


Circuit current P4 4 , P4 5 




0to3(Note3) 


mA 


Pd 


Power dissipation 


T a =25°C 


550 


mW 


Topr 


Operating temperature 




— 10 to 70 


"C 


T stg 


Storage temperature 




-40 to 125 


°C 



Note 1 .' The total current that flows out of the IC should be 20mA (max ) 

2 ' The total of l 0 u. Iol2 and l 0 i_4 should be 30mA (max ) 

3 : The total of l OL of port P2 4 -P2 7 should be 20mA (max ) 



RECOMMENDED OPERATING CONDITIONS (V CC =5V±10%, T a =-10 to 70°C unless otherw.se noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ. 


Max 


Vcc 


Supply voltage(Note 4) During the CPU and CRT operation 


4.5 


5.0 


5.5 


V 


V SS 


Supply voltage 


0 


0 


0 


V 


V, H 


"H" input voltage P0 0 -P0 7 , P1 0 -P17, P2 0 -P2 7 , 
P3 0 -P3 6 , P4 0 -P4 3 , P4 6 ,P4 7 , 
P6 0 -P6 7l P7 0 , P7i, Hsync, V SY nc, 
RESET, X, N , OSC1 


0. 8V CC 




Vcc 


V 


V, H 


"H" input voltage P4 4 , P4 5 


0. 7V CC 




Vcc 


V 


V IL 


"L" input voltage P0 0 -P0 7 , PI0-PI7. P2 0 -P2 7 , 

P3 0 , P3l P3 5 , P4 0> P4 3 -P4 5 , P4 7 , P7 0 , P7 n 


0 




0. 4V CC 


V 


V, L 


"L" input voltage P3 2 -P3 4> P3 6 , P4l P4 2 , P4 4 -P4 6 , 
HsynCi Vs^NCi RESET, Xin, OSC1 


0 




0. 2V CC 


V 


'oh 


"H" average output current (Note 1 ) R,G,B,I,OUT,P0 0 — P0 7 , 
PI0-PI7. P2o-P2 7 , P3 0 , P3!,D-A 






1 


mA 


'oL1 


"L" average output current (Note 2) R,G,B,l,OUT,POo~P0 7 , 
P1 0 -P1 7 , P2 0 -P2 3) P3 0 -P3 6l P4 0 -P4 3 , 
D-A 






2 


mA 


'0L2 


"L" average output current (Note 2) P6 0 — P6 7 , P4 6 , P4 7 






1 


mA 


'0L3 


"L" average output current (Note 3) P2 4 — P2 7 






10 


mA 


•oL4 


"L" average output current (Note 2) P4 4 , P4 5 






3 


mA 


fcpu 


Oscillating frequency (for CPU operation) (Note 5) 


3.6 


4.0 


6.0 


MHz 


fcRT 


Oscillating frequency (for CRT display) 


6.0 


7.0 


8.0 


MHz 


fhs 


Input frequency P3 2 -P3 4 , P3 6 , P4 5 






100 


kHz 


fhs 


Input frequency P4-\ 






1 


MHz 



Note 1 : The total current that flows out of the IC should be 20mA (max ) 

2 : The total of l 0 u, 'ol2 and l 0 i_4 should be 30mA (max.) 

3 : The total of I 0 l of port P2 4 — P2 7 should be 20mA (max ) 

4 : Apply 0. 022a<F or greater capacitance externally between the V cc — V ss power supply pins so as 

to reduce power source noise 

Also apply 0. 068// F or greater capacitance externally between the V C c—CNV S s pins 

5 Use the crystal oscillator or ceramic resonator for CPU oscillation circuit 
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ELECTRIC CHARACTERISTICS (V CC =5V±10%, V ss =0V, T a =-10 to 70°C, f(X IN )=4MHz unless other wise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


'cc 


Supply current 


V cc — b. bv, hX| N ; =4MHz 
CRT OFF 




10 


20 


mA 


Vcc == 5. 5V, f(X| N )=4MHz 
CRT ON 




20 


50 


At stop mode 






300 




V 0 H 


"H" output voltage POo — PO7, P1o — PI7. P2o~P27, 
P3 0 , P3 1( R, G, B, I, OUT, D-A 


Vcc = 4. 5V 
Ioh=— 0. 5mA 


2.4 






V 


Vol 


"L" output voltage POo~ PO7, P1o — PI71 P2o — P23, 
P3 0 -P3 6 , P4 0 -P4 3l 
R, G, B, 1, OUT, D-A 


V cc =4. 5V 
Iol == 0- 5mA 






0.4 


V 


"L" output voltage P6o~P67, P46, P47 


Vcc 3 ^. 5V 
I O l = 0. 5mA 






0.4 


"L" output voltage P24— P27 


V C c == 4. 5V 
I O l=10. 0mA 






3.0 


"L" output voltage P4 4 , P4 5 


V cc =4. 5V 
Iol^^. 0mA 






0.4 


V T +-V T - 


Hysteresis RESET 


V C c=5. 0V 




0.5 


0.7 


V 


Hysteresis (Note 1 ) H S ync. V SY nc> P3 2 -P3 4 , 
P3 6 , P4 0 -P4 2 , P4 4 ~P4 6 


V C c=5. 0V 




0.5 


1.3 


'OZH 


"H" input leak current RESET, P0 0 — P0 7 , P1o~ PI7. 

P2 0 -P2 7 , P3 0 -P3 6 , P4 0 -P4 5 , 
AD1-AD8 


V CC =5.5V 
V 0 =5. 5V 






5 


juA 


"H" input leak current 

P6 0 -P6 7 , P4 6 , P4 7 


V CC =5.5V 
V 0 =12V 






10 


'OZL 


"L" input leak current RESET, POo~ P0 7 , 

P1 0 -P1 7> P2 0 -P2 7 , P3 0 -P3 6 , 
P4 0 -P4 7> P60-P67, AD1-AD8 


V cc =5. 5V 
V o =0V 






5 





Note 1 . P32 — P3 4 , P3 6 have the hysteresis when these pins are used as interrupt input pins or timer input pins 
P4 0 — P4 2 , P4 4 — P4 6 have the hysteresis when these pins are used as serial I/O ports. 
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DESCRIPTION 

The M37250M6-XXXSP is a single-chip microcomputer de- 
• signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP. This single-chip micro- 
computer is useful for the high-tech channel selection sys- 
tem for TVs and VCRs. 

In addition to their simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

FEATURES 

• Number of basic instructions 69 

• Memory size ROM 24576 bytes 

RAM 384 bytes 

• Instruction execution time 

1/iS (minimum instructions at 4MHz frequency) 

• Single power supply 5V±10% 

• Power dissipation 

Normal operation mode (at 4MHz frequency) 
•••137.5mW (V C c=5.5V, CRT display, PLL operating) 

• Subroutine nesting 96 levels (Max.) 

• Interrupt 15types, 15vectors 

• 8-bit timer 6 

• Programmable I/O ports 

(Ports PO, P1, P2, P3, P4, P6) 43 

• Output port ( Port P5 ) 5 

• PLL function 

Programmable divider 14-bit 

Swallow counter 5-bit 

• Serial I/O (8-bit) 2 

• Special serial I/O for master transfer* 1 

• PWM function 8-bitXlO 

• A-D converter (4-bit resolution) 2 channels 

• 72-character on screen display function 

Number of character 24 charactersX3 lines 

Kinds of character 126 



PIN CONFIGURATION (TOP VIEW) 



Oscillation input for 
display 

Oscillation output for 
display 



OSC1 — H 
OSC2 «- [I 
P3 6 /INT 2 /A-D2~[T 
P3 5 /A-D1 
P3 4 /INT1 «-U 
Mode switching output MO «— ^ 
P6 o /PWM0 ** [7 
P6!/PWM1 *+[][ 
P6 2 /PWM2 u 
P6 3 /PWM3 [10 
V SS2 El 

Phase detect output P/D «- |T2 
V CC2 IH 
Clock input F| N -*• |h 
P3 3 /TIM3+*Hi 
P3 2 /TIM2 



I/O port 
P3 



I/O port P6 



I/O port P3 



I/O 
port 
P4 



Timing output 
Reset input 
Clock input 
Clock output 



p^^in 
P3o^ni 

PVS^/PWM8~[Ii 
P4 6 /S, N2 /PWM9~lj 
P4 5 /Scuk 2 **II 
P4 4 /So UT2 ~[l 
P4 3 /S RDY1 ~H 
P4 2 /S IN1 ~H 
P4i/Sclki**H 
P4 0 /Souti^I1 
CNVss-^llZ 



RESET — H 

x, N -*H 

xout *~ m 

V ss H 



I/O port PO 



El V cc 

63] «— H S YNC 
HI **~~ VsYNC 

R/P5 2 
60]-+ G/P5 3 
59] B/P5 4 
— I/P5 5 
H— OUT/P5, 
H**POo' 
k] — PO1 

54]<h*P0 2 
lH^POa 

m^po 4 

5l]*>P05 

U^POe 
H~P0 7 
4s]~pi 0 

47|^P1i 
46j**P1 2 
H^P1 3 
44]— P1 4 

ll^PIs 
H^P1 6 
HI^PIt 
40]~P2o 

P2t 

P2 2 
ID** P2 3 
36] P2 4 /PWM4 
H<~ P2 5 /PWM5 
34] P2 6 /PWM6 
33] ~ P2 7 /PWM7 



Output 
port 
P5 



I/O port P1 



I/O 
port 
P2 



Outline 64P4B 



APPLICATION 

TV, VCR 



* : Purchase of Mitsubishi Electric Corporation's l 2 C components converys a license under the Philips l 2 C Patent Rights to use these 
components in an l 2 C system, provided that the system conforms to the l 2 C Standard Specification as defined by Philips. 
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Oscillation Oscillation 
input output 
for display for display 
Hsync OSC1 OSC2 




v y / v y ' V y ' " y ' 



I/O port PO 
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FUNCTIONS OF M37250M6-XXXSP 



Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


]/us (minimum instructions, at 4MHz frequency) 


Clock frequency 


4MHz 


Memory size 


ROM 


24576 bytes 


RAM 


384 bytes 


Input/Output ports 


PO, P1 


I/O 


8-bitX2 (CMOS output) 


P2 


I/O 


8-bitXl (CMOS output, can be used as PWM output pins) 


P3 0 , P3^ 


I/O 


2-bitX1 (CMOS output) 


P3 2 to P3 6 


I/O 


5-bitX1 (CMOS output, can be used as timer input pins, INT1, INT2 input 
pins and A-D input pins) 


P4 


I/O 


8-bitX 1 (CMOS output, can be used as serial I/O function pins and PWM 
output pins) 


P5 


Output 


5-bit X 1 (N-channel open drain output, can be used as R, G, B, I, OUT 
pins) 


P6 


I/O 


4-bitX 1 (N-channel open drain output, can be used as PWM output pins) 


Serial I/O 


8-bitX2 (Special serial I/O (8-bit) XI ) 


Timers 


8-bit timerX6 


PLL function 


Fixed dividing mode and swallow mode can be selected 


Subroutine nesting 


96 levels (max ) 


Interrupt 


Three external interrupts, ten internal interrupts, 
one software interrupt 


Clock generating circuit 


One built-in circuits (externally connected quartz crystal oscillator) 


Supply voltage 


5V±10% 


Power dissipation 


at CRT display ON and PLL operating 


137. 5mW (clock frequency X, N =4MHz, V cc =5. 5V, Typ ) 


at CRT display OFF and PLL stopped 


55mW (clock frequency X, N =4MHz, V CC =5.5V, Typ ) 


at wait mode 


4mW (Vcc = =5V, Max ) 


at stop mode 


0. 05mW(V cc =5V, Max ) 


Input/Output characteristics 


Input/Output voltage 


12V (Port P4 6 , P4 7 , P6 0 to P6 3 ) 


Output current 


10mA (Port P2 4 to P2 7 ) 


Operating temperature range 


-10 to 70°C 


Device structure 


CMOS silicon gate process 


Package 


64-pin shrink plastic molded DIP 


CRT display function 


Number of character 


24 charactersX3 lines (maximum 16 lines by software) 


Kinds of character 


126 (12X16 dots) 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc. Vcc2, 
Vss. V S S2 


Supply voltage 




Power supply inputs 5V±10% to Vcc and V C C2. and OV to V S s and V S s2 


CNVss 


CNVss 




This is connected to V S s 


RESET 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2/us (under normal V C c 
conditions) 

If more time is needed for the crystal oscillator to stabilize, this "L" condition should be maintained for the 
required time 


X|N 


Clock input 


Input 


This chip has an internal clock generating circuit To control generating frequency, an external quartz crys- 
tal oscillator is connected between the Xin and Xout pins If an external clock is used, the clock source 
should be connected the X !N pin and the Xout pin should be left open 


XoUT 


Clock output 


Output 


4> 


Timing output 


Output 


This is the timing output pin 


P0 0 to POj 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output At reset, this port is set to input mode The output structure is CMOS output 


P1 0 to P1 7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO 


P2q to P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO P2 4 to P2 7 are in common with 
PWM output port of PWM4 to PWM7 


P3q to P3e 


I/O port P3 


I/O 


Port P3 is an 7-bit I/O port and has basically the same functions as port PO, but the output structure of P3o, 
P3i is CMOS output and the output strupture of P3 2 to P3 6 is N-channel open drain 

P32, P3 3 are in common with external clock input pins of timer 1 , 2 and 3 P34, P3 6 are in common with ex- 
ternal interrupt input pins INT1 and INT2. P3s, P3 6 are in common with analog input pins of A-D converter 
(A-D1, A-D2) 


P4q to PAr 


I/O port PA 


I/O 


Port P4 is an 8-bit I/O port and has basically the same functions as port PO, but the output structure is 
N-channel open dram 

When serial 1/01 is used,P4 0 , P4i, P4 2 and P4 3 work as S 0 uti. S C lki, S )N1 and Srdyi pms, respectively 
When serial I/02 is used, P4 4 , P4 5 , P4 6 and P4 7 work as Sout2, S C lk2. S| N2 and Srdy2 pms, respectively 
Also P4 6l P4 7 are in common with PWM output pins of PWM 8 and 9 


OSC1, 


Clock input for CRT 
display 


Input 


This is the I/O pins of the clock generating circuit for the CRT display function 


OSC2 


Clock output for CRT 
display 


Output 


HsYNC 


Hsync input 


Input 


This is the horizontal synchronizing signal input for CRT display 


VsYNC 


Vsync input 


Input 


This is the vertical synchronizing signal input for CRT display 


R, G, B, 
I, OUT 


CRT output 


Output 


This is an 5-bit output pin for CRT display The output structure is CMOS output This is in common with 
port P5 2 to P5 6 


P6q to P6 3 


I/O port P6 


I/O 


Port P6 is an 4-bit I/O port and has basically , the same functions as port PO, but the output structure is 
N-channel open drain This port is in common with PWM output pins PWMO to PWM3 


MO 


Mode switching output 


Output 


This pin outputs the mode switching signal of prescaler 

When fixed dividing mode is selected, this pin can be used as 1 -bit output port 


P/D 


Phase detect output 


Output 


The phase detector output level is set to "H" when the phase is leading the reference frequency, set to "L" 
when lagging, and set to the floating state when in-phase 


P|N 


Clock input 


Input 


This pin inputs clock from the prescaler 
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FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 



The M37250 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 

CPU Mode Register 

The CPU mode register is allocated to address 00FB 16 . Bits 
0 and 1 of this register are processor mode bits. This regis- 
ter also has a stack page selection bit. 



7 o 

I I I l l I I I l CPU mode register (address 00DF 16 ) 



Note 1 This bit validates in single-chip mode only 

In the other processor mode, the 28th pin always outputs 
the system clock 

Fig. 1 Structure of CPU mode register 



Processor mode bits 
0 0 : Single-chip mode 

0 1 ; Memory expansion mode 

1 0 : Microprocessor mode 
1 1 : Disable 



Stack page selection bit 

0 : In page 0 area 

1 : In page 1 area 



System clock output selection 
bit (note 1) 

0 : Stop (reset-out) 

1 •' System clock output 
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MEMORY 

• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 

• RAM 

RAM is used for data storage as well as a stack area 

• ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 

• Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 



• Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

• Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 





0000 16 














RAM 
(192 bytes) 












00BF 16 














Zero page 




| 0100 16 
I 01BF 16 


SFR area 






RAM 
(192 bytes) 








Not used 






0200 16 
0205! 6 


SFR area 






Not used 




RAM for display 
(216 bytes) 


2000! 6 
20D7 16 








Not used 




ROM for display 
(4K bytes) 


3000! 6 
3FFF 16 








A000 16 


Not used 












FF00 16 








ROM 










(24K bytes) 


FFDE 16 


Interrupt vector area 
(See section on interrupt) 




Special page 




FFFF 16 















Fig. 2 Memory map 
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00C0 16 


Port PO 


00F0 16 


Timer 1 


00C1 16 


Port PO direction register 


00F1 16 


Timer 2 


00C2 16 


Port P1 


00F2 16 


Timer 3 


00C3 16 


Port P1 direction register 


00F3 16 


Timer 4 


00C4 16 


Port P2 


00F4 16 


Timer mode register 1 


00C5 16 


Port P2 direction register 


00F5 16 


Timer mode register 2 


00C6 16 


Port P3 


00F6 16 


PWM 5 register 


00C7 16 


Port P3 direction register 


00F7 16 


PWM 6 register 


00C8 16 


Port P4 


00F8 16 


PWM 7 register 


00C9 16 


Port P4 direction register 


00F9 16 


PWM 8 register 


00CA 16 


Port P5 


OOFA 16 


PWM 9 register 


00CB 16 


Port P5 direction register 


00FB 16 


CPU mode register 


00CC 16 


Port P6 


O0FC 16 


Interrupt request register 1 


00CD 16 


Port P6 direction register 


00FD 16 


Interrupt request register 2 


00CE 16 




00FE 16 


Interrupt control register 1 


00CF 16 




00FF 16 


Interrupt control register 2 


00D0 16 


PWM 0 register 


0100 16 




00D1 16 


PWM 1 register 




RAM 


00D2 16 


PWM 2 register 




192 bytes 


00D3 16 


PWM 3 register 




00D4 16 


PWM 4 register 


fflBEs 




00D5 16 


PWM output control register 1 




00D6 16 


PWM output control register 2 




Not used 


00D7 16 


Interrupt interval determination register 


01FF 16 




00D8 16 


Interrupt interval determination control register 


0200 16 


PLL control register 


00D9| 6 


Special serial I/O register 


0201 16 


PCH register 


00DA 16 


Special mode register 1 


0202 16 


PCL register 


OODB16 


Special mode register 2 


0203 16 


SWC register 


O0DC 16 


Serial 1/01 mode register 


0204, 6 


Timer 5 


00DD 16 


Serial 1/01 register 


0205 16 


Timer 6 


00DE 16 


Serial I/02 mode register 






00DF 16 


Serial I/02 register 






00E0 16 


Horizontal position register 






00E1 16 


Vertical display start position register 1 






00E2 16 


Vertical display start position register 2 






00E3 16 


Vertical display start position register 3 






00E4i6 


Character size register 






00E5 16 


Border selection register 






00E6 16 


Color register 0 






00E7 16 


Color register 1 






00E8 16 


Color register 2 






O0E9 16 


Color register 3 






00EA 16 


CRT control register 






00EB 16 


Display block counter 






00EC 16 


CRT port control register 






00ED 16 








00EE 16 








00EF 16 


A-D control register 







Fig. 3 SFR (Special Function Register) memory map 

INTERRUPTS 

Interrupts can be caused by 14 different events consisting 
of three external, ten internal, and one software events. 
Interrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op- 
eration is similar to an interrupt. 

When an interrupt is accepted, the registers are pushed as 
described in the stack pointer (S) section above, interrupt 
disable flag I is set, and the program jumps to the address 
specified in the vector table. The interrupt request flag is 
cleared automatically. The reset and BRK instruction inter- 
rupt can never be disabled. Other interrupts are disabled 
when the interrupt disable flag is set. 



All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter- 
rupt request bits are in interrupt request registers 1 and 2 
and the interrupt enable bits are in interrupt control regis- 
ters 1 and 2. Figure 4 shows the structure of the interrupt 
request registers 1, 2, interrupt control registers 1, and 2. 
Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is "1", interrupt 
request bit is "1", and the interrupt disable flag is "0" The 
interrupt request bit can be reset with a program, but not 
set. The interrupt enable bit can be set and reset with a 
program. 

Reset is treated as a non-maskable interrupt with the high- 
est priority. Figure 5 shows interrupts control. 
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Table 1. Interrupt vector address and priority. 



Event 


Priority 


Vector addresses 


Remarks 


Reset 


1 


FFFF 16 , FFFE 16 


Non-maskable 


CRT interrupt 


, 2 


FFFD 16 , FFFC 16 




INT2 interrupt 


3 


FFFB 16 , FFFA 16 




INT1 interrupt 


4 


FFF9 16 , FFF8 16 




Serial I/02 interrupt 


5 


FFF7 16 , FFF6 16 




Timer 4 interrupt 


6 


FFF5 16 , FFF4 16 




1 ms interrupt 


7 


FFF3 16 , FFF2 16 




Vsync interrupt 


8 


FFF1 16 , FFF0 16 




Timer 3 interrupt 


9 


FFEF 16 , FFEE 16 




Timer 2 interrupt 


10 


FFED 16 , FFEC 16 




Timer 1 interrupt 


11 


FFEB 16 , FFEA 16 




Serial 1/01 interrupt 


12 


FFE9 16 , FFE8 16 




Timer 5 interrupt 


13 


FFE7 16 , FFE6 16 




Timer 6 interrupt 


14 


FFE5 16 , FFE4 16 




BRK instruction interrupt 


15 


FFDF 16 , FFDE 16 


Non-maskable software interrupt 



| | Interrupt request register 1 
(address 00FC 16 ) 



Timer 1 interrupt request bit 
Timer 2 interrupt request bit 
Timer 3 interrupt request bit 
Timer 4 interrupt request bit 
CRT interrupt request bit 
Vsync interrupt request bit 
Timer 5 interrupt request bit 
Timer 6 interrupt request bit 



| | | | | Interrupt request register 2 
I (address 00FD 16 ) 

' — INTt interrupt request bit 
INT 2 interrupt request bit 

— Serial 1/01 interrupt request bit 

— Serial I/02 interrupt request bit 
1ms interrupt request bit 



This bit must be set to "0" 



0 : Interrupt disabled 

1 *. Interrupt requested 



7 0 
| | | | | | | | Interrupt control register 1 
(address 00FE 16 ) 



err 



- Timer 1 interrupt enable bit 

- Timer 2 interrupt enable bit 

- Timer 3 interrupt enable bit 

- Timer 4 interrupt enable bit 

- CRT interrupt enable bit 
V S ync interrupt enable bit 

-Timer 5 interrupt enable bit 

- Timer 6 interrupt enable bit 



n 



J Interrupt control register 2 
(address 00FF 16 ) 

— IN^ interrupt enable bit 

— INT 2 interrupt enable bit 

— Serial 1/01 interrupt enable bit 

— Serial I/02 interrupt enable bit 

— 1ms interrupt enable bit 



0 ' Interrupt disable 

1 : Interrupt enabled 



Fig. 4 Structure of registers related with interrupt 



Interrupt request bit - 
Interrupt enable bit- 



=D-i 



Interrupt disable flag I 




BRK instruction 
reset 



■ Interrupt request 



Fig. 5 Interrupt control 
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TIMER 

The M37250M6-XXXSP has six timers; timer 1, timer 2, tim- 
er 3, timer 4, timer 5 and timer 6. 

A block diagram of timer 1 through 6 is shown in Figure 7. 
All of the timers are down count timers and have 8-bit 
latches. When a timer reaches "00 16 " and the next count 
pulse is input to a timer, a value which is the contents of 
the reload latch are loaded into the timer. The division ratio 
of the timer is 1/(n + 1), where n is the contents of timer 
latch. The timer interrupt request bit is set at the next count 
pulse after the timer reaches "00 16 ". 

(1) Timer 1 

The count source of timer 1 is selectable from f(X, N )/16 
and the 1,024ju second clock (by 1ms interrupt; it can be 
used at PWM count source generating) and external clock 
from P3 2 /TIM2 pin by timer mode register 1 (address 
00F4 16 ). 

Timer 1 interrupt request is occurred by overflow of timer 1. 

(2) Timer 2 

The count source of timer 2 is selectable from f (X )N ) /16, 
timer 1 overflow signal, and external clock from P3 2 /TIM2 
pin by timer mode register 1 (address 00F4 16 ). 
Timer 1 can be used as 8 bits prescaler when timer 1 over- 
flow signal is selected as count source of timer 2. 
Timer 2 interrupt request is occurred by overflow of timer 2. 

(3) Timer 3 

The count source of timer 3 is selectable from f(X !N )/16 
and external clock from P3 3 /TIM3 pin by timer mode regis- 
ter 2 (address 00F5 16 ). 

Timer 3 interrupt request is occurred by overflow of timer 3. 

(4) Timer 4 

The count source of timer 4 is selectable from f(X, N )/16, 
f(X, N )/2, and timer 3 overflow signal by timer mode register 
2 (address 00F5 16 ). 

Timer 3 can be used as 8 bits prescaler when timer 3 over- 
flow signal is selected as count source of timer 4. 
Timer 4 interrupt request is occurred by overflow of timer 4. 

(5) Timer 5 

The count source of timer 5 is selectable from f(X| N )/16, 
timer 2 overflow signal and timer 4 overflow signal by timer 
mode register 1 (address 00F4 16 ) and timer mode register 
2 (address 00F5 16 ). 

(6) Timer 6 

The count source of timer 6 is selectable from f(X )N )/16 
and timer 5 overflow signal by timer mode register 1 
(address 00F4 16 ). 



T Timer mode register 1 (address 00F4 16 ) 



- Timer 1 count source selection bit 1 

0 : f(X, N ) divided by 16 

1 ". Internal clock (determined by bit 5) 

- Timer 2 count source selection bit 1 

0 ! Internal clock (determined by bit 4) 

1 : External clock from P3 2 /TIM2 pin 

- Timer 1 count stop bit 

0 : Count start 

1 : Count stop 

- Timer 2 count stop bit 

0 : Count start 

1 : Count stop 

- Timer 2 count source selection bit 2 

0 : f(X, N ) divided by 16 

1 '. Timer 1 overflow 

- Timer 1 count source selection bit 2 

0 : 1,024 /us clock 

1 : External clock from P3 2 /TIM2 pin 

Timer 5 count source selection bit 2 

0 .' Timer 2 overflow 

1 : Timer 4 overflow 

Timer 6 count source selection bit 

0 : f(X, N ) divided by 16 

1 : Timer 5 overflow 



I | | |] Timer mode register 2 (address 00F5 16 ) 



Timer 3 count source selection bit 

0 : f(X, N ) divided by 16 

1 '. External clock from TIM3 

- Timer 4 internal count source selection bit 

0 .* Timer 3 overflow 

1 : f(X, N ) divided by 16 

- Timer 3 count stop bit 

0 : Count start 

1 : Count stop 

- Timer 4 count stop bit 

0 5 : Count start 

1 : Count stop 

- Timer 4 count source selection bit 

0 : Internal clock (determined by bit 1) 

1 : f(X 1N ) divided by 2 

- Timer 5 count stop bit 

0 I Count start 

1 .* Count stop 

- Timer 6 count stop bit 

0 : Count start 

1 : Count stop 

- Timer 5 count source selection bit 1 

0 : f(X, N ) divided by 16 

1 : Internal clock (determined by bit 7 
of the timer mode register 1) 



Fig. 6 Structure of timer 12 mode register and 
timer 34 mode register 
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1 ,024/2 s clock 

o — 



TMR1 5 



x, N O- 



1/2 



P3 2 /TIM2 O- 



P3 3 /TIM3 O 



Selection gate ' Connected to 
black colored 
side at reset 

TMR1 : Timer mode register 1 
TMR2 : Timer mode register 2 
The subscript number is the 
bit number 



Timer 1 latch (8) 



4R1 0 \ 



TMR1 4 



TMR1 2 



Timer 1 (8) 



TMR1 



TMR2 3 



TMR1 6 



TMD9_ > 



TMR2 7 



TMR2 5 



TMR2 6 





Timer 2 latch (8) 




/ 




Timer 2 (8) 


> 



Timer 3 latch (8) 



8 



Timer 3 (8) 



07 16 



Timer 4 latch (8) 



Timer 4 (8) 



Timer 5 latch (8) 



Timer 5 (8) 



Timer 6 latch (8) 



Timer 6 (8) 



Note : Pulse width of external clock input from P3 2 /TIM2 and P3 3 /TIM3 need more than 4 machine cycles 



Data bus 



Timer 1 
' interrupt request 



Timer 2 

interrupt request 



<3= 



Reset 

STP instruction 



Timer 3 

interrupt request 



Timer 4 

interrupt request 



Timer 5 

interrupt request 



Timer 6 

interrupt request 



Fig. 7 Timer 1 through 6 block diagram 
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SERIAL I/O 

M37250M6-XXXSP has two serial I/O (serial 1/01, serial 
I/02). Serial 1/01 has the same function as serial I/02. 
A block diagram of the serial I/O is shown in Figure 8. 
In the serial I/O mode the receive ready signal (S RDY z) , 
synchronous input/output clock (CLKf), and the serial I/O 
pins (Soutz. Sinz) are used as port P4. The serial \/O t mode 
registers (address 00DC 16) 00DE 16 ) are 8-bit registers. Bits 
0, 1 and 2 of these registers are used to select a synchro- 
nous clock source. 

Bit 3 and 4 decide whether parts of P4 will be used as a 
serial I/O or not. 



To use P4 2 or P4 6 as a serial input, set the direction regis- 
ter bit which corresponds to P4 2 or P4 6 to "0". For more in- 
formation on the direction register, refer to the I/O pin sec- 
tion. 

Also to use internal clock of serial I/02, bit 1 of special 
mode register 1 (address 00DA 16 ) needs to be set to "1". 
The serial I/O function is discussed below. The function of 
the serial I/O differs depending on the clock source; exter- 
nal clock or internal clock. 



P4 3 /S RDY i O- 



PVS CU K1 O 



PVSoun O 



P4 2 /S IN1 C> 



P4 7 /Sr DY 2 O 



P4 5 /S C LK2 O 



P4 4 /S OU T2 O 



P4 6 /S, N2 O- 





1/2 




1/2 











P4 3 latch 

4. 



SI01M 4 



P4t latch 



4. 



SIOIM3 
P4 0 latch 



4. 



SIOIM3 



Sync 
circuit 



SI01M 2 

— 9— 



Counter 1 



1/16 
SI01M! 
SIOIMo 



Serial I/O counter 1 (8) |- 



SIOIM5 : LSB—MSB 



Serial I/O shift register 1 (8) 



P4 7 latch PWM8 



Counter 2 



in 



SI02M 4 SB 4 



Sync. 



P4 5 latch SCL 



SI02M 3 SB 2 
P4 4 latch SDA 



SI02M 2 



m 

SI02MT 
SI02M 0 



* — < 


H > > > ■ 


Serial I/O counter 2 (8) 



SIO2M5 : LSB**MSB 



SI02M 3 SB 2 



Serial I/O shift register 2 (8) 



T 



P4 6 latch 



Serial 1/01 
interrupt request 



Serial I/02 
interrupt request 



Fig. 8 Serial I/O block diagram 
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Internal clock — The S RDY f signal becomes"H"during trans- 
mission or while dummy data is stored in the serial I/Of 
register (address 00DD 16 , 00DF 16 ). After the falling edge of 
the write signal, the S RDY f signal becomes low signaling 
that the M37250M6-XXXSP is ready to receive the external 
serial data. The S RDY f signal goes "H" at the next falling 
edge of the transfer clock. The serial \/O t counter is set to 
7 when data is stored in the serial I/O; register. At each 
falling edge of the transfer clock, serial data is output to 
Sout*'- During the rising edge of this clock, data can be in- 
put from S| N j and the data in the serial I/Of register will be 
shifted 1 bit. 

Transfer direction can be selected by bit 5 of serial I/O/ 
mode register. After the transfer clock has counted 8 times, 
the serial I/Of register will be empty and the transfer clock 
will remain at a high level. At this time the interrupt request 



bit will be set. 

External clock- If an external clock is used, the interrupt re- 
quest will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 
Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
500kHz at a duty cycle of 50% . The timing diagram is 
shown in Figure 9. When using an external clock for trans- 
fer, the external clock must be held at "H" level when the 
serial I/Of counter is initialized. When switching between 
the internal clock and external clock, the switching must not 
be performed during transfer. Also, the serial I/O counter 
must be initialized after switching. 

An example of communication between two M37250M6- 
XXXSPs is shown in Figure 10. 



Sync clock 

Transfer clock 

Serial \/O t register 
write signal 

Serial I/O output 

Soim 

Serial I/O input 

S|NZ 

Receivable signal 

Srdy? 



iiTTLJ~ijn_rLn_rLr 



ji 



Interrupt request bit set 



Fig. 9 Serial I/O timing 



Sending side 



Receiving side 



Serial 1/01 mode register 



Bit 4 



BitO 



1 1 



The direction register for pin S RDY i 
should be set to input mode 



Sync clock 



Serial data 



Serial 1/01 mode register 

Srdyi 

Bit 4 Bit 0 



1 1 



The direction register for pin S| N1 
should be to input mode 



Fig. 10 Example of serial I/O connection 
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Serial 1/01 mode register 
(address OODC 16 ) 



Internal synchronous clock 
selection bit 

00 : f(X, N ) divided by 4 

01 : f(X, N ) divided by 16 

10 : f(X, N ) divided by 32 

11 : f(X, N ) divided by 64 

■ Sync clock selection bit 

0 External clock 

1 '. Internal clock 

Serial 1/01 port selection bit 

0 : Port P4 0 , P4 1 

1 • SoilTI. ScLK1 

- S RDY i signal output selection bit 

0 : Port P4 3 

1 • Srdyi 

- Transfer direction selection bit 

0 : LSB first 

1 : MSB first 



Serial 1/02 mode register 
(address 00DE 16 ) 



- Internal synchronous clock 
selection bit 

00 : f(X, N ) divided by 4 

01 : f(X IN ) divided by 16 

10 : f(X, N ) divided by 32 

11 : f(X, N ) divided by 64 

- Sync clock selection bit 

0 : External clock 

1 : Internal clock 

■ Serial I/02 port selection bit 

0 : Port P4 4 , P4 5 

1 : Special mode (see Fig 14) 

■ S RDY2 signal output selection bit 

0 : Port P4 7 

1 Special mode (see Fig. 14) 

- Transfer direction selection bit 

0 : LSB first 

1 : MSB first 



Fig. 11 Structure of serial 1/01 mode register and serial I/02 mode register 
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SPECIAL MODE (l 2 C BUS MODE) 

M37250M6-XXXSP has a special serial I/O circuit that can 
be reception or transmission of serial data in conformity 
with l 2 C (Inter IC) bus format. 

I 2 C bus is a two line directional serial bus developed by 
Philips to transfer and control data among internal ICs of a 
machinery. 

M37250M6-XXXSP's special serial I/O is not included the 
clock synchronisation function and the arbitration detect- 
able function at multimaster. 

Operations of master transmission and master reception 
with special serial I/O are explained in the following: 
(1) Master transmission 

To generate an interrupt at the end of transmission, set bit 
7 of special mode register 2 (address 00DB 16 ) to "1" so as 
to special serial I/O interrupt is selected. Then set bit 3 of 
interrupt control register 2 (address 00FF 16 ) to "1" so as to 
special mode serial I/O interrupt is enabled. Clear the in- 
terrupt disable flag I to "0" by using the CLI instruction. 
The output signals of master transmission SDA and SCL are 
output from ports P4 4 and P4 5 . Set all bits (bits 4 and 5) 
corresponding to P4 4 and P4 5 of the port P4 register 
(address 00C8 16 ) and the port P4 direction register 
(address 00C9 16 ) to "1". 

Set the transmission clock. The transmission clock uses the 
overflow signal of timer 4. Set appropriate value in timer 4 
and timer mode register 2. (For instance, if f (X !N ) /1 6 is 
selected as the clock source of timer 4 and "4" is set in 
timer 4 when f(X !N ) is 4MHz, the master transmission clock 
frequency is 25kHz.) 

Set contents of the special mode register 2 (address 
00DB 16 ). (Usually, "83 16 ".) 

Set the bit 3 of serial I/02 mode register (address 00DE 16 ) 
to "1". After that set the special mode register 1 (address 
00DA 16 ). Figure 15 shows the structure of special mode 
registers 1 and 2. 

Initial setting is completed by the above procedure. 
Write data to be transmitted in the special serial I/O regis- 
ter (address 00D9 16 ). Immediately after this, clear bits 0 



and 1 of special mode regiser 2 (to "0") to make both SDA 
and SCL output to "L". This is for arbitration. The start sig- 
nal has been completed. 

The hardware automatically sends out data of 9-clock cy- 
cle. The 9th clock is for ACK receiving and the output level 
becomes "H" at this clock. If other master outputs the start 
signal to transmit data simultaneously with this 9th clock, it 
is not detected as an arbitration-lost. 
When the ACK bit has been transmitted, bit 3 of the inter- 
rupt request register 2 is set to "1" (issue of interrupt 
request), notifying the end of data transmission. 
To transmit data successively, write data to be sent to the 
special serial I/O register, and set the interrupt enabled 
state again. By repeating this procedure, unlimited number 
of bytes can be transmitted. 

To terminate data transfer, clear bits 0 and 1 of the special 
mode register 2 to "0", set bit 1 clock SCL to "1", then set 
bit 1 data SDA to "1". This procedure transmits the stop 
signal. 

Figure 13 shows master transmission timing explained 
above. 

(2) Master reception 

Master reception is carried out in the interrupt routine after 
data is transferred by master transmission. For master 
transmission and interrupt thereafter, see the preceding 
section (1 ) Master transmission. 

In the interrupt routine, set master reception ACK provided 
(26 16 ) in the special mode register 1 (address 00DA 16 ) , 
and write "FF 16 " in the special serial I/O register (address 
00D9 16 ). This sets data line SDA to "H" and to perform 8- 
clock master reception. Then, "L" is transmitted to data line 
SDA for ACK receiving. In the ACK provided mode, the 
above ACK is automatically sent out. 
Repeat the above receiving operation for a necessary num- 
ber of times. Then return to the master transmission mode 
and transmit the stop signal by the same procedure for the 
master transmission. 

Figure 14 shows master reception timing. 



P4 5 /SCL Q*- 



P4 4 /SDA Q- 



SB1 



Sl/O counter 2 



Control 
circuit 



Sl/O shift register 2 



Control 






Counter 


circuit 





- Interrupt request 















DF 






ACK 




k _. 




SB5 



Fig. 12 Block diagram of special serial I/O 



2-264 



MITSUBISHI MICROCOMPUTERS 

M37250M6-XXXSP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for FREQUENCY SYNTHESIZER 

with ON-SCREEN DISPLAY CONTROLLER 





P4 4 /SDA 
P4 5 /SCL 


' nnnnnnnnn 


n_rui_r 


P4 4 /SDA 
P4 5 /SCL 


nnnnnnnnn 





Fig. 13 Master transmission timing 



Reception data 

, A n 

PVSDA L_X_EX-^^ L_L_i_.i-i-i-L.l-_H 



P4 4 /SDA 



P4 5 /SCL 



I 1. JL_ 



' .i-i_i.-i._L_r 
JiARarLnrLnjL 



Fig. 14 Master reception timing 



Special mode register 1 : SB 
(address 00DA 16 ) 



J — Transmission and reception mode 
selection bit 

0 ". Reception mode 

1 : Transmission mode 



Synchronous clock selection bit 

0 : External clock 

1 '. Timer 4 overflow 



P4 4 , P4 5 special mode selection bit 

0 : Sout2, S C lk2 signal output 

1 : SDA, SCL signal output 

P4 6 special mode selection bit 

0 : P4 6 output 

1 : PWM9 output 

P4 7 special mode selection bit 

0 : S RDY 2 signal output 

1 : PWM8 output 

ACK operation selection bit 

0 : ACK is not transmitted or received 

1 . ACK is transmitted and received 

Start signal detect bit 

0 : Start signal is not detected 

1 '. Start signal was detected 

Stop signal detect bit 

0 : Stop signal is not detected 

1 : Stop signal was detected 



I 



Special mode register 2 : SC 
(address 00DB 16 ) 



Data line control bit 

0 ." SDA outputs "L" 

1 : SDA outputs "H" 

- Clock line control bit 

0 : SCL outputs "L" 

1 : SCL outputs "H" 

ACK recognition bit 

0 .' ACK was received 

1 ." ACK is not received 

Wait function 1 enable bit 

0 Wait function 1 is disabled 

1 Wait function 1 is enabled 

Wait function 2 enable bit 

0 : Wait function 2 is disabled 

1 : Wait function 2 is enabled 

Wait function 1 acceptance display bit 

0 : Wait function 1 is not accepting 

1 : Wait function 1 is accepting 

Wait function 2 acceptance display bit 

0 : Wait function 2 is not accepting 

1 : Wait function 2 is accepting 

Interrupt selection bit 

0 : Serial I/02 interrupt 

1 : Special serial I/O interrupt 



Fig. 15 Structure of special mode registers 1 and 2 
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(3) Wait function 

Wait function 1 holds the SCL line at "L" after the 8th clock 
falls in special mode. Wait function 2 holds the SCL line at 
"L" after the 9th clock falls in the same way. 
When one of the wait functions operates, the internal coun- 
ter that counts the clock must be reset after bit 3 or 4 of the 
special mode register 2 is set to "1", to enable the corres- 
ponding wait function 1 or 2 to operate. Reset the internal 
counter by writing data to the special serial I/O register 
(address 00D9 16 ), or by setting the START signal detection 
bit to "1". Reset the internal counter for each byte before 
data tranfer. 

The wait functions can be released by setting the corres- 
ponding bit 5 or 6 of the special mode register 2 to "1". 
Note 1 : Clear the START signal detect bit (bit 6) and the 
STOP signal detect bit (bit 7) of the special mode 
register 1 by writing "1" to bit 6 or bit 7. 

PWM OUTPUT CIRCUIT 

(1) Introduction 

The M37250M6-XXXSP is equipped with ten 8-bit 
PWMs (PWM0-PWM9). PWMO to PWM9 have a 8-bit 
resolution with minimum resolution bit width of 8/us (for 
X )N =4MHz) and repeat period of 2048/^s. 
Block diagram of the PWM is shown in Figure 16. 
The PWM timing generator section applies individual 
control signals to PWMO to 9 using clock input X, N di- 
vided by 2 as a reference signal. 

(2) Data setting 

Set the 8-bit data for output in the PWM; register (f 
means 0 to 9; addresses 00D0i 6 to 00D4 16 and 00F6 16 
to 00FA 16 ). 

(3) Transferring from registers to latches 

The data written to the PWM registers is transferred to 
the PWM latches at the repetition of the PWM period. 
The signals output to the PWM pins correspond to the 
contents of these latches. When data in each PWM 
register is read, data in these latches has already been 
read allowing the data output by the PWM to be con- 
firmed. 

(4) Operation of the PWMs 

The following is the explain about PWM operation. 
At first, clear the bit 0 of PWM output control register 1 
(address 00D5 16 ) to "0" (at reset, this bit already clear 
to "0" automatically) , so that the PWM count source is 
supplyed. 

PWMO to 3 output pins and PWM4 to 7 output pins are 
in common with port P6 and port P2 respectively, and 
PWM8 and 9 output pins are in common with port P4 
and serial I/02 pins. 

PWMO to 7 are selected the pin function by setting of 
PWM output control register 1 (address 00D5 16 ) and PWM 
output control register 2 (address 00D6 16 ). and PWM8 and 
9 are selected the pin function by the bit 3 and 4 of special 



mode register 1 (address 00DA 16 ) and bit 4 of serial I/02 
mode register (address 00DE 16 ) . When these pins are 
set as PWM output pins by these registers, the PWM 
output can be performed. 

Figure 17 shows the timing diagram of PWMO through 
9. One cycle (T) is composed of 256 (2 8 ) segments. 
There are eight different pulse types configured from 
bits 0 to 7 representing the significance of each bit. 
These are output within one cycle in the circuit internal 
section. Refer Figure 17 (a). 

Eight different pulses can be output from the PWM. 
These can be selected by bits 0 through 7. Depending 
on the content of the 8-bit PWM latch, pulses from 7 to 
0 is selected. The PWM output is the difference of the 
sum of each of these pulses. Several examples are 
shown in Figure 17 (b). 

Change in the contents of the PWM latch allows the 
selection of 256 lengths of high-level area outputs 
varying from 0/256 to 255/256. An length of entirely 
high-level output cannot be output, i. e. 256/256. 
(5) Output after reset 

At reset the output of port P2, P4, P6 is in the high im- 
pedance state and the contents of the PWM register 
and latch are undefined. Note that after setting the 
PWM register, the contents of the latch is undefined 
until its data is transferred to the latch. 
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Data bus 



PWMO register 
(address 00D0 16 ) 



P WMO latch 

MSB] I T 



4- 



Selection gate '• connected to black 
colored side when 
reset 



I I Mb| 



I 8-bit PWM circuit 



Inside of r - ""! is as same contents with the others 



P6 0 D6 0 



LT>o-^ • PW2 

\ P6l Dfi _^ 



PWMO 



PW3 Ttr 

PW4 rk 

~\ P6 3 063 i-O PWM3 

PW5 rk 

-j D2 4 

! PW6 
-j P2 5 D2 5 

PW7 

J P2e D 2e 

PNO 

-i P2 7 D2 7 
PN1 

""! S RDY2 P4 7 D , 4 7 

i SB4 SI02M 4 
"1 P4 6 D fe 

SB3 



PWM4 



PWM6 



j-O PWM 8 
j-O PWM9 

I 



pm : 


PWM output control register 1 


pn : 


PWM output control register 2 


P2: 


Port P2 direction register 


P2 : 


Port P2 register 


D4 : 


Port P4 direction register 


P4 : 


Port P4 register 


D6 : 


Port P6 direction register 


P6 : 


Port P6 register 


SB : 


Special mode register 1 


SI02M : Serial I/02 mode register 



Fig. 16 Block diagram of the PWM circuit 
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(a) Pulses showing the weight of each bit 



Contents 
of the latch 

When00 16 (0) 

When01 16 (1) 

When 18 16 (24) 

When FF 16 (255) 



jljlji n n n n_Ji_/L 



_n_n n m . 



T=256t 



When output is PWMO to 9 t=8^s T=2048/*s 
When f(X, N )=4MHz 

(b) Example of PWM output 



Fig. 17 PWM timing diagram 
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T 



PWM output control register 1 
(address 00D5 16 ) 

PWM count source selection bit 

0 '. Count source supply 

1 : Count source stop 

- P6 o /PWM0 output selection bit 

0 : P6 0 output 

1 : PWMO output 

- P6T/PWM1 output selection bit 

0 '• P61 output 

1 : PWM1 output 

- P6 2 /PWM2 output selection bit 

0 : P6 2 output 

1 : PWM 2 output 

- P6 3 /PWM3 output selection bit 

0 : P6 3 output 

1 : PWM 3 output 

- P2 4 /PWM4 output selection bit 

0 I P2 4 output 

1 : PWM4 output 

-P2 5 /PWM5 output selection bit 

0 : P2 5 output 

1 : PWM5 output 



I 



PWM output control register 2 
(address 00D6 16 ) 

P2 6 /PWM6 output selection bit 

0 : P2 6 output 

1 : PWM6 output 

- P2//PWM7 output selection bit 

0 : P2 7 output 

1 : PWM7 output 

■ PWM output polarity selection bit 

0 : Positive polarity 

1 : Negative polarity 

- This bit must be set to "0" 



Fig. 18 Structure of PWM output control register 1 and 2 
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A-D CONVERTER 

Block diagram of A-D converter is shown in Figure 19. A-D 
converter consists of 4-bit D-A converter and comparator. 
The A-D control register can generate 1/16 V cc -step inter- 
nal analog voltage based on the settings of bits 0 to 3. 
Table 3 gives the relation between the descriptions of A-D 
control register bits 0 to 3 and the generated internal ana- 
log voltage. The comparison result of the analog input vol- 
tage and the internal analog voltage is stored in the A-D 
control register, bit 4. 

The data is compared by setting the directional register 
corresponding to port P3 5) P3 6 to "0" (port P3 5 , P3 6 enters 
the input mode), to allow port P3 5 /A-D1, P3 6 /A-D2 to be 
used as the analog input pin. The digital value correspond- 
ing to the internal analog voltage to be compared is then 
written in the A-D control register, bit 0 to 3 and an analog 
input pin is selected. After 20 machine cycle, the voltage 
comparison starts. 



A-D control register 
(address 00EF 16 ) 

- Internal analog voltage 
set bit (See table 3) 

- Comparison result 

0 I Input voltage < 

Internal voltage 

1 I Input voltage > 

Internal voltage 

- A-D input pin selection bit 

0 : P3 5 /A-D1 pin 

1 : P3 6 /A-D2 pin 



Fig. 20 Structure of A-D control register 

Table 3. Relationship between the contents of A-D 
control register and internal analog voltage 



A-D control register 


Internal analog voltage 


Bit 3 


Bit 2 


Bit 1 


BitO 


0 


0 


0 


0 


1/32 Vcc 


0 


0 


0 


1 


3/32 V cc 


0 


0 


1 


0 


5/32 V cc 


0 


0 


1 


1 


7/32 V cc 


0 


1 


0 


,0 


9/32 Vcc 


0 


1 


0 


1 


11/32 V cc 


0 


1 


1 


0 


13/32 V cc 


0 


1 


1 


1 


15/32 V cc 




0 


0 


0 


17/32 V cc 




0 


0 


1 


19/32 V cc 




0 


1 


0 


21/32 V cc 




0 


1 


1 


23/32 V cc 




1 


0 


0 


25/32 V cc 




1 


0 


1 


27/32 V cc 




1 


1 


0 


29/32 V cc 




1 


1 


1 


31/32 V cc 



Data btts 



A-D control register 



Bit 5 



P3 5 - 
P3 6 - 



Comparator control 



Analog 
signal 
switch 










A-D control 
register 



Bit 4 


Bit 3 


Bit 2 


Bit 1 


BitO 



Ladder resistance 



Fig. 19 Block diagram of A-D converter 
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PLL CIRCUIT 

M37250M6-XXXSP has a built-in PLL circuit which is 
selectable either fixed dividing mode or swallow mode. 
PLL block diagram is shown in Figure 21. 

(1) PLL control register 

Switching fixed dividing mode/swallow mode, starting PLL 
operation, and selection of reference frequency are deter- 
mined by PLL control register (address 0200 16 ) 
When fixed dividing mode is selected by setting the bit 6 
(PL 6 ) of PLL control register to "0", MO pin becomes 1-bit 
general purpose output port. In this case, the output level of 
MO pin is determined by bit 5 (PL 5 ) of PLL control register 
(address 0200 16 ). 

(2) Reference frequency generator Fig 22 structure of PLL oonXro] reglster 

Nine kinds reference frequency are generated by built-in 
reference frequency generator that divides the external clock 
(4MHz), in both fixed dividing mode and swallow mode. 
Reference frequency is determined by bit 0 (PL 0 ) to bit 4 
(PL 4 ) of PLL control register. 



7 0 
I | I l l I I 1 PLL control register : PL (address 0200 16 ) 

L — L— Reference frequency selection bit 

(See Table 4) 

' MO pin output at fixed division mode 

0 .' "L" level output 

1 : "H" level output 

' PLL mode selection bit 

0 '. Fixed division mode 

1 : Swallow mode 

PLL operation control 

0 : Stop 

1 : Operation 



SWC register . , (address 0203 16 ; 



un| ga ibVi i m ri iboi 



PCL register 



PCH register 



Data 



PLL latch 



(address 0201 16 ) 

"TTbo] 



19-bit 

I I I I I I 



(address 0202 16 ) 

I I IbQl 



Selection gate 

At reset, the shaded 
side is connected 



I I I I I I i O LSB 



14-bit 



Programmable counter 



Phase 






comparator 





Reference frequency generator 



5-bit ft 



Swallow counter 



PL 6 PL 7 F|f 



PL 4 PL 3 PL 2 PL! PL 0 



PL 5 




MO 



Fig. 21 PLL circuit block diagram 
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(3) Phase detector 

Phase detector is a built-in circuit to detect a phase differ- 
ence between reference frequency (f REF ) and division of 
VCO output by programmable divider. 
Output of phase detector is input into internal charge pump, 
and outputs the following level from P/D pin. 

• "L" level where f REF > f )N /N 

• "H" level where f REF < f, N /N 

• Floating where f REF = f m /N 

fi N ! Oscillation frequency of VCO 
N I Division ratio of all PLL system include external pre- 
scaler. 



Table 4. PLL control register bit mapping about 
reference frequency 



PLL control register (address 0200 16 ) 


Reference frequency 


PL 4 


PL 3 


PL 2 


PLi 


PL 0 


0 


0 


1 


1 


1 


7.8125kHz 


0 


1 


0 


0 


1 


5.0000kHz 


0 


1 


0 


1 


0 


0. 78125kHz 


0 


1 


0 


1 


1 


3. 125kHz 


0 


1 


1 


1 


1 


1.953125kHz 


1 


0 


1 


0 


0 


1.5625kHz 


1 


0 


1 


1 


0 


0. 9765625kHz 


1 


0 


1 


1 


1 


3. 90625kHz 



(4) Programmable divider 

Programmable divider is a binary down-counter configured 
by 5-bit swallow counter and 14-bit programmable counter. 
Lower 5 bits of 19-bit PLL latch data are preset to swallow 
counter and higher 14 bits of 19-bit PLL latch data are pre- 
set to programmable counter at a time, and it is down- 
counted. 

(5) PLL latch 

Data is set to programmable counter through PLL latch. 
Contents of PLL latch is determinated by following sequ- 
ence. 

• Writing contents of swallow counter to SWC register 
(address 0203 16 ) 

• Writing lower 8-bit of programmable counter to PCL reg- 
ister (address 0202 16 ) 

• Writing higher 6^bit of programmable counter to PCH 
register (address 0201 16 ) 

Each register data is transferred to PLL latch, after writing 
to PCH register. Even when only lower 8-bit of programm- 
able counter or contents of swallow counter need to 
change, be sure to write to PCH register again. 
When reading the addresses 0201 16 to 0203 16 assigned 
PCH register, PCL register, and SWC register, the contents 
of PLL latch is read 

The contents of PLL latch is indeterminate during reset. 
And this PLL latch contents is indeterminated till the trans- 
fer is completed, even though data are set to PCH, PLL, 
and SWC registers. 



(6) Unlock flag 

When PLL system is unlock, namely when reference fre- 
quency f REF is difficult from division output frequency of 
VCO, the pulse is output synchronized f REF from phase de- 
teeter. Unlock flag is assigned in bit 7 of SWC register, and 
it is set to "1" by this pulse, and this flag is set to "0" by 
reading. So, reading cycle is necessary to be longer than 
^ref cycle. If the reading cycle is shorter than f REF cycle, 
unlocked PLL system is regard as locking, so that this mic- 
rocomputer may be missing operation. More time than f REF 
cycle need to read unlock flag at first, after PLL operation 
starts. 

(7) Programmable divider determination 
method 

When M54470L (division ratio is 1/128 or 1/136) is used as 
prescaler at swallow mode, determination method of prog- 
rammable divider division value is as following, 
fo = 8 • f REF (32N P + A) 
fo Partial oscillation frequency 
f REF • : Reference frequency 
N P '. Division ratio of programmable counter 

2 14 > N P > 16 and N P > A 
A '. Division ratio of swallow counter 
31 ^ A^ 0 

When fixed prescaler (division ratio 1/K) is used at fixed di- 
viding mode, determination method of programmable divid- 
er division value is as following. 

fo = f REF • K • N P 



2-272 



MITSUBISHI MICROCOMPUTERS 

M37250M6-XXXSP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for FREQUENCY SYNTHESIZER 

with ON-SCREEN DISPLAY CONTROLLER 



CRT DISPLAY FUNCTIONS 

(1) Outline of CRT Display Functions 

Table 5 outlines the CRT display functions of the 
M37250M6-XXXSP. The M37250M6-XXXSP incorporates a 
24 columns X 3 lines CRT display control circuit. CRT dis- 
play is controlled by the CRT display control register. 
Up to 126 kinds of characters can be displayed, and colors 
can be specified for each character. Four colors can be 
displayed on one screen. A combination of up to 15 colors 
can be obtained by using each output signal (R, G, B, and 
I). 

Characters are displayed in a 12X16 dot configuration to 
obtain smooth character patterns. (See Figure 23) 
The following shows the procedure how to display charac- 
ters on the CRT screen. 

Table 5. Outline of CRT display functions 



Parameter 


Functions 


Number of display 
character 


24 characters X 3 lines 


Character 
configuration 


12X16 dots (See Figure 23) 


Kinds of character 


126 


Character size 


4 size selectable 


Color 


Kinds of color 


15 (max ) 


Coloring unit 


a character 


Display expansion 


Possible (multiple lines) 




16 dots 



© Set the character to be displayed in display RAM. 

© Set the display color by using the color register. 

© Specify the color register in which the display color is 
set by using the display RAM. 

® Specify the vertical position and character size by us- 
ing the vertical position register and the character size 
register. 

© Specify the horizontal position by using the horizontal 

position register. 
© Write the display enable bit to the designated block 

display flag of the CRT control register. When this is 

done, the CRT starts operation according to the input 

of the 

Vsync signal. 

The CRT display circuit has an extended display mode. 
This mode allows multiple lines (more than 4 lines) to be 
displayed on the screen by interrupting the display each 
time one line is displayed and rewriting data in the block 
for which display is terminated by software. 
Figure 25 shows a block diagram of the CRT display control 
circuit. Figure 24 shows the structure of the CRT display 
control register. 



Fig. 23 CRT display character configuration 



UJ 



CRT control register 
(Address 00EA 16 ) 

Display of all blocks control bit (Note 1 ) 

0 : Display of all blocks off 

1 : Display of all blocks on 

- Display of block 1 control bit 

0 : Display of block 1 off 

1 : Display of block 1 on 

- Display of block 2 control bit 

0 : Display of block 2 off 

1 '. Display of block 2 on 

- Display of block 3 control bit 

0 .' Display of block 3 off 

1 : Display of block 3 on 

- Block 1 color select mode switch bit 

0 Normal mode 

1 : Half character width color 

select mode 

- Clock for display stop bit 

0 : Stop 

1 : Oscillation enable 

- Scanning line double count mode bit 

0 Normal mode (256 lines) 

1 '. Double count mode 



This bit must be set to "0" 

Note 1 '. Display of all blocks control bit indicates the 
logical sum (AND) of each block display control 
bit 



Fig. 24 Structure of CRT control register 
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«e 3* 


CRT control register 









OSC1 OSC2 Hsync V SYNC 

O 0 0 0 



(Address 00EA 16 ) 



(Address 00E1 16 to 00E3 16 ) 



Vertical position register 



(Address 00E4 16 ) 



e» Character size register 



(Address 00E0 16 ) 



Horizontal position register 



(Address 00E5 16 



Border register 



Clock generating 
circuit 



Display position control circuit 



Display control 
circuit 



RAM for display 
11 -bit X24X1 
+ 9-bit X24X2 



(Address 00E6T 

to 00E9 16 )w 



Color register 



(Address 00EC 16 ) 



CRT port control register 



ROM for display 
12-bit X16X126 



Shift register 
12-bit 



Border RAM 



Shift register 
12-bit 



Output circuit 



Data bus 



I OUJ 



Fig. 25 Block diagram of CRT display control circuit 
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(2) Display Position 

The display positions of characters are specified in units 
called a "block." There are three blocks, block 1 to block 3. 
Up to 24 characters can be displayed in one block. (See 
(4) Display Memory.) 

The display position of each block in both horizontal and 
vertical directions can be set by software. 
The horizontal direction is common to all blocks, and is 
selected from 64-step display positions in units of 4Tc (Tc 
=oscillation cycle for display). 

The display position in the vertical direction is selected 
from 128-step display positions for each block in units of 
four scanning lines. 

If the display start position of a block overlaps with some 
other block ((b) in Figure 28), a block of the smaller block 
No. (1 to 3) is displayed. 

If when one block is displaying, some other block is dis- 
played at the same display position ((c) in Figure 28), the 
former block is overridden and the latter is displayed. 
The vertical position can be specified from 128-step posi- 
tions (four scanning lines per step) for each block by set- 
ting values 00 16 to 7F 16 to bits 0 to 6 in the vertical position 
register (addresses 00E1 16 to 00E3 16 ). Figure 26 shows the 
structure of the vertical position register. 



7 Q 
I I I I I I PI Vertical position register 
I I I I I I I (Address 00E1 16 to 00E3 16 ) 



The vertical display start position 
128-step positions (00 16 to 7F 16 ) 



Fig. 26 Structure of vertical position registers 

The horizontal direction is common to all blocks, and can 
be specified from 64-step display positions (4Tc per step 
(Tc= oscillation cycle for display) by setting values 00 16 to 
3F 16 to bits 0 to 5 in the horizontal position register 
(address 00E0 16 ). Figure 27 shows the structure of the hori- 
zontal position register. 



7 0 
I I I [ I I I H Horizontal position register 
I I I I I I (Address 00E0 16 ) 



The horizontal display start position 
64-step positions (00 16 to 3F 16 ) 



Fig. 27 Structure of horizontal position register 
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(HR) 



cv 2 



(a) Example when each block is separated 



(HR) 



cv 3 - 



Block 3 



(b) Example when the display start position of a block overlaps with some other block 



(HR) 



CV, -| 

cv 2 



cv : 



i_ v 3JL 



Block 1 



Block 2 



Block 3 



(c) Example when one block is displaying some other block is superimposed 



Fig. 28 Display position 
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(3) Character Size 

The size of characters to be displayed can be selected 
from four sizes for each block. Use the character size reg- 
ister (address 00E4 16 ) to set a character size. The charac- 
ter size in block 1 can be specified by using bits 0 and 1 in 
the character size register; the character size in block 2 
can be specified by using bits 2 and 3; the character size 
in block 3 can be specified by using bits 4 and 5. Figure 29 
shows the structure of the character size register. 
The character size can be selected from four sizes: small 
size, medium size, large size, and extra large size. Each 
character size is determined by the number of scanning 
lines in the height (vertical) direction and the cycle of dis- 
play oscillation (=Tc) in the width (horizontal) direction. 
The small size consists of (one scanning line] X (1 Tc] ; the 
medium size consists of (two scanning lines] X (2 Tc] ; the 
large size consists of (three scanning lines] X (3 Tc] ; and 
the extra large size consists of (four scanning lines] X (4 
Tc] . Table 6 shows the relationship between the set values 
in the character size register and the character sizes. 

Table 6. The relationship between the set values of 
the character size register and the character 
sizes 



Set values of the character 
size register 


Character 
size 


Width 
(horizontal) 
direction 


Height 
(vertical) 
direction 


CS n1 


CSno 


0 


0 


Small 


1 T c 


1 


0 


1 


Medium 


2 T c 


2 


1 


0 


Large 


3 T c 


3 


1 


1 


Extra large 


4 T c 


4 



Note .' The display start position in the horizontal direction is not affected 
by the character size In other words, the horizontal start position 
is common to all blocks even when the character size varies with 
each block (See Figure 30) 



Character size register 
(Address 00E4 16 ) 

■ Block 1 character size selection bit 

00 : Small size 

01 : Medium size 

10 *. Large size 

1 1 : Extra large size 

■ Block 2 character size selection bit 

00 : Small size 

01 '. Medium size 

1 0 ." Large size 

1 1 '. Extra large size 

- Block 3 character size selection bit 

00 : Small size 

01 ! Medium size 

10 : Large size 

1 1 .' Extra large size 
OUT pin output selection 

0 : OUT signal output 

1 : MUTE signal (See (10) CRT Output 

Pin Control) output 



Small 



Medium 



Large 



Extra large 



Display start position 



Fig. 30 



Display start position of each character size 
(horizontal direction) 



Fig. 29 Structure of character size register 
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(4) Display Memory 

There are two types of display memory: ROM of CRT dis- 
play (3000 16 to 3FFF 16 ) used to store character dot data 
(masked) and display RAM (2000 16 to 20D7 16 ) used to 
specify the colors of characters to be displayed. The fol- 
lowing describes each type of display memory. 
© ROM for CRT display (3000 16 to 3FFF 16 ) 
The CRT display ROM contains dot pattern data for charac- 
ters to be displayed. For characters stored in this ROM to 
be actually displayed, it is necessary to specify them by 
writing the character code inherent to each character 
(code determined based on the addresses in the CRT dis- 
play ROM) into the CRT display RAM. 
The CRT display ROM has a capacity of 4K bytes. Because 
32 bytes are required for one character data, the ROM can 
contain up to 128 kinds of characters. Actually, however, 
because two characters are required for test pattern use, 
the ROM can contain up to 126 kinds of characters for dis- 
play use. 

The CRT display ROM space is broadly divided into two 
areas. The [vertical 16 dots] X [horizontal (left side) 8 
dots) data of display characters are stored in addresses 

Table 7. Character code list 



Character code 


Contained up address of character data 


Left 8 dots lines 


Right 4 dots lines 


oo 16 


3000! 6 

to 
300F 16 


3800 i6 

to 
380Fi 6 


01ie 


3010! 6 

to 

301 Fi 6 


381 0 16 

to 
381 F 16 


02 16 


3020i 6 

to 
302F 16 


3820 16 

to 
382F 16 


03! 6 


3030! 6 

to 
303F 16 


3830! 6 

to 
383F 16 


10 ie 


3100 16 

to 
310F 16 


3900! 6 

to 
390 Fi 6 


11ie 


3110i 6 

to 
311Fi 6 


391 0i 6 

to 
391 F 16 


4F 16 


34F0i 6 

to 
34FF 16 


3CF0i 6 

to 
3CFF 16 


50 16 


3500! 6 

to 
350F 16 


3D00 16 

to 
3D0F 16 


7D 16 


37D0i 6 

to 
37DF 16 


3FD0i 6 

to 
3FDF 16 


7E 16 * 


37E0i 6 

to 
37EFi 6 


3FE0 16 

to 
3FEF 16 


7F 16 * 


37F0 16 

to 
37FFi 6 


3FF0i 6 

to 
3FFF 16 


^ ".The test pattern are stored 



3000 16 to 37FF 16 ; the (vertical 16 dots) X [horizontal (right 
side) 4 dots) data of display characters are stored in 
addresses 3800 16 to 3FFF 16 . (See Figure 31) Note however 
that the four upper bits in the data to be written to addres- 
ses 3800 16 to 3FFF 16 must be set to "1" (by writing data 
F0 16 to FF 16 ). 

The character code used to specify a character to be dis- 
played is determined based on the address in the CRT dis- 
play ROM in which that character is stored. 
Assume that data for one character is stored at 3XX0 16 to 
3XXF 16 (XX denotes 00 16 to 7F 16 ) and 3YY0 16 to 3YYF 16 
(YY denotes 80 16 to FF 16 ), then the character code for it is 
"XX 16 ". 

In other words, character code for any given character is 
configured with two middle digits of the four-digit (hex- 
notated) address (3000 16 to 37FF 16 ) where data for that 
character is stored. 
Table 7 lists the character codes. 




3XXF 16 



bit7 










bitO 


bit/" 




bit3 


^-bitO 


0 


0 


0 


0 


0 


0 


0 


0 


3XX0 16 +800 16 






\ 


\ 


0 


0 


0 


0 


0 


0 


0 


0 


0 


1 


0 


0 








X 


V 


0 


0 


0 


0 


0 


0 


0 


0 


0 


1 


0 


0 








% 


1 


0 


0 


0 


0 


0 


0 


0 


0 


1 


0 
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0 
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1 
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0 
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i 


0 


1 


0 


0 


0 


1 


0 


0 


0 


0 


0 
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t' 


1 


0 




0 


0 


0 


0 


0 


0 


0 


0 


0 
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I 


X- 


0 


0 


0 


0 


0 


0 


0 


0 
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3XXF 16 +800 16 






1 


1 


0 


0 


0 


0 



Fig. 31 Display character stored area 
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© CRT display RAM (2000 16 to 20D7 16 ) 
The CRT display RAM is allocated at addresses 2000 16 to 
20D7 16 , and is divided into a display character code spe- 
cifying part and display color specifying part for each block. 
Table 8 shows the contents of the CRT display RAM. 
When a character is to be display at the first character 
(leftmost) position in block 1, for example, it is necessary 
to write the character code to the seven low-order bits 
(bits 0 to 6) in address 2000 16 and the color register No. to 
the two low-order bits (bits 0 and 1 ) in address 2080 16 . The 
color register No. to be written here is one of the four color 
registers in which the color to be displayed is set in adv- 
ance. For details on color registers, refer to (5) Color Reg- 
isters. 

The structure of the CRT display RAM is shown in Figure 
32. Write the character patterns at Table 9 and 10 as test 
pattern, when M37250M6-XXXSP is mask-ordered. 



Table 8. The contents of the CRT display RAM 



Block 


Display position (from left) 


Character code specification 


Color specification 




1st column 


2000! 6 


2080i 6 




2nd column 


2001 16 


2081 16 




3rd column 


2002 16 


2082i 6 


Block 1 










22th column 


201 5 16 


2095 16 




23th column 


2016 16 


2096i 6 




24th column 


2017 16 


2097 16 






2018 16 


2098i 6 




Not used 


I 

201 F 16 


I 

209Fi 6 




1st column 


2020! 6 


20A0i 6 




2nd column 


2021 16 


20A1 16 




3rd column 


2022! 6 


20A2i 6 


Block 2 










22th column 


2035! 6 


20B5 16 




23th column 


2036i 6 


20B6 16 




24th column 


2037! 6 


20B7 16 






2038i 6 


20B8 16 




Not used 


I 

203Fi 6 


I 

20BF 16 




1st column 


2040i 6 


20C0 16 




2nd column 


2041! 6 


20C1 16 




3rd column 


2042ie 


20C2 16 


Block 3 










22th column 


2055ie 


20D5 16 




23th column 


2056i 6 


20D6 16 




24th column 


2057ie 


20D7 16 






2058i 6 






Not used 


I 

207Fi 6 
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Block 1 

[Character specification] 

1st column : 2000 16 
to 

24th column : 201 7 16 



1 ' 1 1 1 ' 1 Character code 

Specify 126 characters at 00i 6 to 7D 16 

CColor specification] 

3 0 
1st column : 2080 16 | , , , . 

to 

24th column : 2097 16 



Block 2, 3 



(Character specification] 

1st column : 2020 16 
to 

24th column : 2037 16 



- Former half color register specification 
in the normal mode or in the half character 
width color select mode 

00 : Color register 0 specification 

01 : Color register 1 specification 

10 : Color register 2 specification 

1 1 ,* Color register 3 specification 



- Latter half color register specification 
in the half character width color select mode 

00 : Color register 0 specification 

01 : Color register 1 specification 

10 '. Color register 2 specification 

1 1 : Color register 3 specification 



(Address 2040 16 to 2057 16 in the case of block 3) 



■ Character code 

Specify 126 characters at 00 16 to 7D 16 



(Color specification] 

1st column : 20A0 16 
to 

24th column : 20B7 16 



(Address 20C0 16 to 20D7 16 in the case Qf block 3) 



-Color register specification 

00 '. Color register 0 specification 

01 : Color register 1 specification 

10 '. Color register 2 specification 

11 I Color register 3 specification 



Fig. 32 Structure of the CRT display RAM 



2-280 



MITSUBISHI MICROCOMPUTERS 

M37250M6-XXXSP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for FREQUENCY SYNTHESIZER 

with ON-SCREEN DISPLAY CONTROLLER 



Table 9. Test character patterns 1 



Address 


Data 


Address 


Data 


37E0 16 


40 16 


3FE0 16 


F0 16 


37E1 16 


04 16 


3FE1 16 


F0i 6 


37E2 16 


00 16 


3FE2 16 


F4 16 


37E3 16 


20 16 


3FE3 16 


F0 16 


37E4 16 


02 16 


3FE4 16 


F0 16 


37E5 16 


oo 16 


3FE5 16 


F2 16 


37E6 16 


10 16 


3FE6 16 


F0 16 


37E7 16 


01 16 


3FE7 16 


F0 16 


37E8 16 


80 16 


3FE8 16 


F0 16 


37E9 16 


08 16 


3FE9 16 


F0 16 


37EA 16 


oo 16 


3FEA 16 


F8 16 


37EB 16 


40 16 


3FEB 16 


F0 16 


37EC 16 


04 16 


3FEC 16 


F0 16 


37ED 16 


00, 6 


3FED 16 


F4 16 


37EE 16 


20, 6 


3FEE 16 


F0 16 


37EF 16 


02, 6 


3FEF 16 


F0 16 



(5) Color Registers 

The color of a displayed character can be specified by set- 
ting the color to one of the four color registers (COO to 
C03: addresses 00E6 16 to 00E9 16 ) and then specifying that 
color register with the CRT display RAM. 
There are four color outputs: R, G, B, and I. By using a 
combination of these outputs, it is possible to set 2 4 -1 
(when no output) = 15 colors. However, because only four 
color registers are available, up to four colors can be dis- 
played at one time. 

R, G, B, and I outputs are set by using bits 0 to 3 in the col- 
or register. Bit 4 in the color register is used to set a char- 
acter or blank output; bit 5 is used to specify whether a 
character output or blank output. Figure 33 shows the struc- 
ture of the color register. 



Table 10. Test character patterns 2 



Address 


Data 


Address 


Data 


37F0 16 


oo 16 


3FF0i 6 


F0 16 


37F1 16 


00! 6 


3FF1 16 


F0i 6 


37F2 16 


oo 16 


3FF2i 6 


F0i 6 


37F3 16 


00! 6 


3FF3i 6 


F0 16 


37F4 16 


00i 6 


3FF4 16 


F0 16 


37F5 16 


00i 6 


3FF5i 6 


F0i 6 


37F6 16 


00i 6 


3FF6i 6 


F0 16 


37F7 n6 


00i 6 


3FF7 16 


F0 16 


37F8 16 


00i 6 


3FF8ie 


F0 16 


37F9 16 


00i 6 


3FF9i 6 


F0i 6 


37 FA! 6 


00! 6 


3FFAi 6 


F0 16 


37FB 16 


00! 6 


3FFB 16 


F0 16 


37FC 16 


00i 6 


3FFCi 6 


F0 16 


37FD 16 


00! 6 


3FFD 16 


F0 16 


37FE 16 


00i 6 


3FFE 16 


F0i 6 


37FF 16 


00i 6 


3FFFi 6 


F0 16 



7 0 
I I I 111 111 Color reg,ster 

j (Address 00E6 16 to 00E9 16 ) 

I pin output bit 

0 '. No character is output 

1 ' Character is output 

' B pin output bit 

0 : No character is output 

1 Character is output 

' G pin output bit 

0 : No character is output 

1 : Character is output 

' R pin output bit 

0 : No character is output 

1 : Character is output 

' • OUT pin output bit (Note) 

0 : No character or blank is output 

1 : Character or blank is output 

' OUT pin output control bit (Note) 

0 : OUT pin outputs character 

1 .' OUT pin outputs blank 

Note I When the character outlining function is used, the 
contents of these two bits (bits 4 and 5) are nullified, 
and the OUT pin output becomes an border output 



Fig. 33 Structure of color registers 
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(6) Half Character Width Color Select Mode 

By setting "1" to bit 4 in the CRT control register (address 
00EA 16 ) it is possible to specify colors in units of a half 
character size (vertical 16 dotsX horizontal 6 dots) for char- 
acters in block 1 only. 

In the half character width color select mode, colors of dis- 
play characters in block 1 are specified as follows: 



©The left half of the character is set to the color of the col- 
or register that is specified by bits 0 and 1 at the color 
register specifying addresses in the CRT display RAM 
(addresses 2080 16 to 2097 16 ). 

©The right half of the character is set to the color of the 
color register that is specified by bits 2 and 3 at the color 
register specifying address in the CRT display RAM 
(addresses 2080 16 to 2097 16 ). 



Color of the color register 


Color of the color register 




specified by bit 0 and bit 1 


specified by bit 0 and bit 1 


Block 1 


of address 2080 16 


of address 2081 16 





(a) Display in the normal mode 



Color of the color register 


Color of the color register 


Color of the color register 


Color of the color register 




specified by bit 0 and bit 1 


specified by bit 2 and bit 3 


specified by bit 0 and bit 1 


specified by bit 2 and bit 3 


Block 1 


of address 2080 16 


of address 2080! 6 


of address 2081 16 


of address 2081 16 





(b) Display in the half character width color select mode 



Fig. 34 Difference between normal color select mode and half character width color select mode 
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(7) Multiline Display 

The M37250M6-XXXSP can normally display three lines on 
the CRT screen by displaying three blocks at different hori- 
zontal positions. 

In addition, it allows up to 16 lines to be displayed by using 
a CRT interrupt and display block counter. 
The CRT interrupt works in such a way that when display of 
one block is terminated, an interrupt request is generated. 
In other words, character display for a certain block is initi- 
ated when the scanning line reaches the display position 
for that block (specified with vertical and horizontal position 
registers) and when the range of that block is exceeded, 
an interrupt is applied. 

The display block counter is used to count the number of 
blocks that have just been displayed. Each time the display 
of one block is terminated, the contents of the counter are 
incremented by one. 

For multiline display, it is necessary to enable the CRT in- 
terrupt (by clearing the interrupt disable flag to "0" and set- 
ting the CRT interrupt enable bit=bit 4 at address 00FE 16 ) 
to "1"), then execute the following processing in the CRT 
interrupt handling routine. 



©Read the value of the display block counter. 

©The block for which display is terminated (i.e., the cause 
of CRT interrupt generation) can be determined by the 
value read in ©. 

©Replace the display character data and display position 
of that block with the character data (contents of CRT 
display RAM) and display position (contents of vertical 
position and horizontal position registers) to be displayed 
next. 

Figure 36 shows the structure of the display block counter. 



7 0 
| | | ] | j ] | Display block counter 
(address 00EB 16 ) 

— I — I — L_ indicates number of blocks that are 
being displayed or were displayed 



Fig. 36 Structure of display block counter 



Block 2 



Block 3 



Block 1' 



Count value Interrupt 
position 



Fig. 35 Timing of CRT interrupt and count value of display block counter 
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(8) Scanning Line Double Count Mode 

One dot in a displayed character is normally shown by one 
scanning line. In the scanning line double count mode, one 
dot can be shown by two scanning lines. As a result, the 
displayed dot is extended two times the normal size in the 
vertical direction only. (That is to say, the height of a char- 
acter is extended twofold.) 

In addition, because the scanning line count is doubled, the 
display start position of a character is also extended two- 
fold in the vertical direction. In other words, whereas the 
contents set in the vertical position register in the normal 
mode are 128 steps from 00 16 to 7F 16) or four scanning lines 
per step, the number of steps in the scanning line double 
count mode is 64 from 00 16 to 3F 16 , or eight scanning lines 
per step. 



If the contents of the vertical position register for a block 
are set in the address range of 40 16 to 7F 16 in the scanning 
line double count mode, that block cannot be displayed 
(not output to the CRT screen). 

In the scanning line double count mode can be specified 
by setting bit 6 in the CRT control register (address 
00EA 16 ) to "1". 

Because this function works in units of screen, even when 
the mode is changed the mode about the scanning line 
count during display of one screen, the double count mode 
only becomes valid from the time the next screen is dis- 
played. 



Vertical position A 



j Scanning line 16 lines 



AX2 



Vertical position AX 2 



> Scanning line 32 lines 



(a) Display in the normal mode 



(b) Display in the scanning line double count mode 



Fig. 37 Display in the normal mode and in the scanning line double count mode 
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(9) Character Border Function 

A border of a one clock (one dot) equivalent size can be 
added to a character to be displayed in both horizontal and 
vertical directions. 

The border is output from the OUT pin. In this case, bits 4 
and 5 in the color register (contents output from the OUT 
pin) are nullified, and the border is output from the OUT 
pin instead. 



Border can be specified in units of block by using the bor- 
der select register (address 00E5 16 ). Table 11 shows the 
relationship between the values set in the border select 
register and the character border function. Figure 39 shows 
the structure of the border select register. 



Table 11. The relationship between the value set in the border selection register and the character border function 



Border selection register 


Functions 


Example of output 


MDn1 


MDnO 


X 


0 


Normal 


R, G, B, 1 output —FL- 
OUT output _T*1_ 


0 


1 


Border including character 


R, G, B, 1 output TT 

OUT output -J 1— 


1 


1 


Border not including character 


R, G, B, 1 output TT 

OUT output —TUT— 




□ is border 

■ is display by character data 



T 



] Border selection register 
Address 00E5 16 ) 



Block 1 OUT output border selection bit 

0 : The same as R, G, B is output 

1 '. Border is output 

Block 1 output switch bit 

0 : Border including character 

1 : Border only 

■ Block 2 OUT output border selection bit 

0 : The same as R, G, B is output 

1 : Border is output 

- Block 2 output switch bit 

0 : Border including character 

1 : Border only 

- Block 3 OUT output border selection bit 

0 : The same as R, G, B is output 

1 : Border is output 

- Block 3 output switch bit 

0 ." Border including character 

1 : Border only 



Fig. 39 Structure of border selection register 



Fig. 38 Example of border 
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(10) CRT Output Pin Control 

CRT output pins R, G, B, I, and OUT are respectively 
shared with port P5 2 , P5 3) P5 4 , P5 5 , and P5 6 . The output sig- 
nal can control by port P5 direction register (address 
00CB 16 ) for each port. At reset, because the port P5 direc- 
tion register is reset, CRT output pins R, G, B, I, and OUT 
become CRT signal (R, G, B, I, and OUT) output polarity. 
Bits 0 to 4 of CRT port control register (address 00EC 16 ) 
can determine H SYN c and V SYN c input polarity and R, G, B, 
I, and OUT output polarity. 

R, G, B, and OUT signal output can be switched to MUTE 
signal output. MUTE signal can color all displaying area of 
CRT. 

The following is the explain of MUTE signal at MUTE signal 
output from B output pin for example (refer to Figure 40). 
When the MUTE signal is output from B output pin, the all 
displaying area of CRT is colored blue. Then, a character 
data is output from R output pin, for example. If B output pin 
and R output pin are set to "Character is output" by color 
register at the character "I" output, the output character is 
colored "RED" mixed "BLUE" 
In this case, OUT pin output is not influenced. 
At the character "O" output, if only R output pin is set to 
"Character is output", the output character is colored "RED" 
only that is not mixed "BLUE". 

However at above case, the OUT output pin is necessary to 
set "Character is output". 

The display screen can be also clear by setting the OUT 
pin to MUTE output. In this case, the MUTE signal is output 
from OUT pin, that is not influence the setting about OUT 
pin by CRT display RAM. 

R, G, and B output signals are controlled by bits 5 to 7 of 
CRT port control register, and OUT output signal is control- 
led by bit 7 (CS7) of character size register. Then, I output 
pin don't have MUTE output function. 



CRT port control register 
(address 00EC 16 ) 

Hsync input polarity selection bit 

0 : Positive polarity 

1 : Negative polarity 

" Vsync input polarity selection bit 

0 : Positive polarity 

1 '. Negative polarity 

- R/G/B output polarity selection bit 

0 : Positive polarity 

1 : Negative polarity 

- I output polarity selection bit 

0 Positive polarity 

1 '. Negative polarity 

- OUT output polarity selection bit 

0 : Positive polarity 

1 : Negative polarity 

- R pin output switch bit 

0 : R signal output 

1 MUTE signal output 

■ G pin output switch bit 

0 : G signal output 

1 : MUTE signal output 

- B pin output switch bit 

0 : B signal output 

1 : MUTE signal output 



Fig. 41 Structure of CRT port control register 




Fig. 40 MUTE signal output example 
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INTERRUPT INTERVAL DETERMINATION 
FUNCTION 

The M37250M6-XXXSP incorporates an interrupt interval 
determination circuit. This interrupt interval determination 
circuit has an 8-bit binary counter as shown in Figure 42. 
Using this counter, it determines a duration of time from the 
rising transition (falling transition) of an input signal pulse 
on the INT1 or INT2 to the rising transition (falling 
transition) of the signal pulse that is input next. 
The following describes how the interrupt interval is deter- 
mined. 

1 . The interrupt input to be determined (INT1 input or 
INT2 input) is selected by using bit 2 in the interrupt 
interval determination control register (address 
00D8 16 ). When this bit is cleared to "0", the INT1 input 
is selected; when the bit is set to "1", the INT2 input is 
selected. 

2. When the INT1 input is to be determined, the polarity 
is selected by using bit 3 in the interrupt interval deter- 
mination control register; when the INT2 input is to be 
determined, the polarity is selected by using bit 4 in 
the interrupt interval determination control register. 
When the relevant bit is cleared to "0", determination is 
made of the interval of a positive polarity (rising 



transition); when the bit is set to "1", determination is 
made of the interval of a negative polarity (falling 
transition). 

The reference clock is selected by using bit 1 in the 
interrupt interval determination control register. When 
the bit is cleared to "0", a 64/us clock is selected; when 
the bit is set to "1", a 32ju s clock is selected (based on 
an oscillation frequency of 4MHz in either case). 
Simultaneously when the input pulse of the specified 
polarity (rising or falling transition) occurs on the INT1 
pin (or INT2 pin), the 8-bit binary counter starts count- 
ing up with the selected reference clock (64/us or 32 

MS). 

Simultaneously with the next input pulse, the value of 
the 8-bit binary counter is loaded into the determina- 
tion register (address 00D7 16 ) and the counter is im- 
mediately reset (00 16 ). The reference clock is input in 
succession even after the counter is reset, and the 
counter restarts counting up from "00 16 " 
When count value "FE 16 " is reached, the 8-bit binary 
counter stops counting. Then, simultaneously when the 
reference clock is input next, the counter sets value 
"FF 16 " to the determination register. 



32^ s 



64/* s — 



REi 



INT 2 



Control 
circuit 



RE 0 



Digital 
filter 



8-bit binary up counter 



Interrupt interval determination circuit 



Address 00D7 16 



Data bus 



Note The pulse width of external interrupt INT1 and INT2 need more than 5 machine cycles. 



Fig. 42 Block diagram of interrupt interval determination circuit 



i 



2-287 



MITSUBISHI MICROCOMPUTERS 

M37250M6-XXXSP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for FREQUENCY SYNTHESIZER 

with ON-SCREEN DISPLAY CONTROLLER 



7 0 

Interrupt interval determination control register 
' I 1 1 I I I I (Address 00D8i 6 ) 



Remote control determination circuit operation bit 

0 : Operation stop 

1 : Operation start 

Standard clock' selection bit 

0 : 64jus (Atf(X IN )=4MHz) 

1 : 32^s (Atf(X, N )=4MHz) 

External interrupt input pin selection bit 

0 : INT1 

1 : INT2 

INT1 pin input polarity switch bit 

0 ! Positive polarity 

1 '. Negative polarity 

INT2 pin input polarity switch bit 

0 ! Positive polarity 

1 Negative polarity 



Fig. 43 Structure of interrupt interval determination control register 
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RESET CIRCUIT 

The M37250M6-XXXSP is reset according to the sequence 
shown in Figure 46. It starts the program from the address 
formed by using the content of address FFFF 16 as the high 
order address and the content of the address FFFE 16 as trre 
low order address, when the RESET pin is held at "L" level 
for no less than 2/us while the power voltage is 5V±10% 



and the crystal oscillator oscillation is stable and then re- 
turned to "H" level. The internal initializations following re- 
set are shown in Figure 44. 

An example of the reset circuit is shown in Figure 45. The 
reset input voltage must be kept below 0.6V until the supp- 
ly voltage surpasses 4.5V. 







Address 






(1) 


Port PO direction register ( 


0 0C 1 16 )- 


oo 16 




(2) 


Port P1 direction register ( 


0 0 C 3 16 ) •• 


00 16 




(3) 


Port P2 direction register ( 


00C5J • 


00 16 




(4) 


Port P3 direction register ( 


0 0C7 16 )- • 


00, 6 




(5) 


Port P4 direction register ( 


0 0 C 9 16 )- 


00, 6 




(6) 


Port P5 direction register ( 


0 0 CB 16 )' • 


|o|o|o|o|o| 




(7) 


Port P6 direction register ( 


0 0 CD 16 )- • 


I I I |o|.|o 


0 


(8) 


PWM output control register 1 ( 


0 0 D 5 16 )- • 


00,6 




(9) 


PWM output control register 2 


0 0 D 6 16 ) • 


00,6 




(10) 


Interrupt interval 
determination control register 


0 0 D 8 16 ) • 


00,6 




(11) 


Special mode register 1 


0 0 D A 16 )- 


00 16 




(12) 


Special mode register 2 ( 


0 0 DB 16 )- 


00, 6 




(13) 


Serial 1/01 mode register 


0 0 DC 16 )- 


00, 6 




(14) 


Serial 1/02 mode register 


0 0 DE 16 )- • 


00,6 




(15) 


Horizontal position register 


0 0 E 0 16 ) •• 


I 0 1 0 1 0 0 0 


0 


(16) 


Color register 0 


0 0 E 6 16 )- 


I I 0 1 0 1 0 1 0 1 0 


0 I 


(17) 


Color register 1 


0 0 E 7 16 )- 


I 0 0 0 0 0 


0 


(18) 


Color register 2 


0 0 E 8 16 ) •• 


0 0 0 0 0 


0 


(19) 


Coior register 3 


0 0 E 9 16 ) •• 


0 0 0 0 0 


0 


(20) 


CRT control register 


0 0 E A 16 )- 


00, 6 




(21) 


Display block counter 


0 0 E B 16 ) • 


I l° 0 0 


0 


(22) 


CRT port control register 


0 0 EC 16 ) • 


| 0 | | 0 | 0 0 | 0 


0 


(23) 


A-D control register ( 


0 0 E F 16 )- 


| 0 | 0 | 0 | 0 | 0 


0 


(24) 


Timer 1 ( 


0 0 F 0 16 ) • 


FF 16 




(25) 


Timer 2 ( 


0 0 F 1 16 )- 


07,6 


I 


(26) 


Timer 3 ( 


0 0 F2J- 


FF, 6 ' 




(27) 


Timer 4 ( 


0 0 F 3 16 ) • 


07, 6 




(28) 


Timer mode register 1 


0 0 F 4 16 )- 


00, 6 




(29) 


Timer mode register 2 i 


OOF 5 16 )- 


00, 6 




(30) 


CPU mode register 


0 0 F B 16 )- 


i|i|i|i|i|i|o 


0 


(3D 


Interrupt request register 1 ( 


0 0 FCJ- 


00 16 




(32) 


Interrupt request register 2 ( 


0 0FDJ • 


I I l°l°M° 


0 


(33) 


Interrupt control register 1 ( 


0 0 F E 16 ) • 


00 16 




(34) 


Interrupt control register 2 ( 


0 0 F F 16 ) • 


I I |o|o|o|o 


0 


(35) 


PLL control register 


0 2 0 0 16 )- 


00 16 




(36) 


Timer 5 


0 2 0 4 16 ) • 


FF 16 




(37) 


Timer 6 ( 


0 2 0 5 16 ) 


07,6 




(38) 


Processor status register 


(PS) 


I I I I h! 




(39) 


Program counter 


(PC H )- 


Contents of address 
FFFFie 








(PC L )- 


Contents of address 
FFFE 16 




Note Since the contents of both registers other than those listed 






above and the RAM are undefined at 


reset, it is necessary to 




set initial values 










At reset, "0" is read from 


all bits which 


is not used 





Supply voltage OV 



Reset input 

voltage OV 








Vcc 

V*CC2 


1 








M51953AL 


5 


4 


RESET 

V SS 

VsS2 


1 1 

0.1,uF 




3 







M37250M6-XXXSP 



Fig. 45 Example of reset circuit 



Fig. 44 Internal state of microcomputer at reset 
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f(x IN ) 

RESET 



JL"L_-. 



Internal RESET 

SYNC 
Address 
Data 



J1UUL 



J — L 



Reset address from the vector table 



32768 count of f(X IN ) (Note 3) 



Note 1 ". Frequency relation of f(X, N ) and <t> is f(X !N )=2 • $ 

2 '. The mark " ? " means that the address is change- 

able depending on the previous state. 

3 ' Immediately after a reset, FF 16 is automatically set 

in timer 3 and 07 16 in timer 4 and timer 4, timer 3 
and the clock (f(X, N ) divided by 16) are con- 
nected in series 

Reset is canceled by the overflow signal of timer 
4 



Fig. 46 Timing diagram at reset 
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I/O PORTS 

(1) PortPO 

Port PO is an 8-bit I/O port with CMOS output. 

As shown in the SFR memory map (Figure 3), port PO 

can be accessed at zero page memory address 

OOCOie. 

Port PO has a direction register (address 00C1 16 ) 
which can be used to program each individual bit as 
input ("0") or as output ("1"). If the pins are program- 
med as output, the output data is latched to- the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 
Depending on the contents of the processor mode bits 
(bit 0 and bit 1 at address 00FB 16 ) , three different 
modes can be selected; single-chip mode, memory ex- 
pansion mode and microprocessor mode. 
In these modes it functions as address (A 7 to A 0 ) out- 
put port (excluding single-chip mode). For more de- 
tails, see the processor mode information. 

(2) Port P1 

In single-chip mode, port P1 has the same function as 
port PO. In other modes, it functions as address (A 15 to 
A 8 ) output port. 

Refer to the section on processor modes for details. 

(3) Port P2 

In single-chip mode, port P2 has the same function as 
port PO. Port P2 4 to P2 7 are in common with PWM out- 
put pins PWM4 to 7. In other modes, it functions as 
data (D 0 to D 7 ) input/output port. Refer to the section 
on processor modes for details 

(4) Port P3 

Port P3 is a 7-bit I/O port with function similar to port 
PO, but the output structure of P3 0 , is CMOS output 
and P3 2 to P3 6 is N-channel open drain. 
P3 2 , P3 3 are in common with the external clock input 
pins of timer 2 and 3. 

P3 4 , P3 6 are in common with the external interrupt input 
pins INT1, INT2 and P3 5 , P3 6 are in common with the 
analog input pins of A-D converter A-D1, A-D2. 
In the microprocessor mode or the memory expansion 
mode, P3 0 , P3i works as R/W signal output pin and 
SYNC signal output pin. 



(5) PortP4 

Port P4 is an 8-bit I/O port with function similar to port 
PO, but the output structure is N-channel open drain 
output. 

All pins have program selectable dual functions. When 
a serial 1/01 function is selected, P4 0 to P4 3 work as 
input/output pins of serial 1/01. When a serial I/02 
function is selected, P4 4 to P4 7 work as input/output 
pins of serial I/02. 

In the special serial I/O mode, P4 4 , P4 5 work as SDA, 
SCL pins. P4 6 , P4 7 are in common with PWM8 and 9 
output pins. 

(6) 0SC1, OSC2 pins 

Clock input/ output pins for CRT display function. 

(7) Hsync. Vsync pins 

Hsync is a horizontal synchronizing signal input pin for 
CRT display. 

Vsync is a vertical synchronizing signal input pin for 
CRT display. 

(8) R, G, B, I, OUT pins 

This is a 5-bit output pin for CRT display and in com- 
mon with P5 2 to P5 6 . 

(9) PortP6 

Port P6 is a 4-bit I/O port with function similar to port 
PO, but the output structure is N-channel open drain 
output. 

This port is in common with 8-bit PWM output pin 
PWMO to PWM3. 

(10) 0 pin 

The internal system clock (1/2 the frequency of the 
oscillator connected between the X, N and X 0 ut pins) is 
output from this pin. If an STP or WIT instruction is ex-, 
ecuted, output stops after going "H". 

(11) MO pin 

This pin outputs the mode switching signal of pre- 
scalor. 

The output structure is CMOS output. 

(12) P/D pin 

Phase detector output pin. 

(13) Fin pin 

The clock from prescalor is input to this pin. 



A: 
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Port PO, P1, P2, P3 0 , P3t 



Data bus 




CMOS tri-state output 



"9- 



li 

I— T—>Q Port PO, P1, P2, P3 0) P3! 
J Ai Note : P2 4 to P2 7 may also 

77T be used as PWM output 



pins 



Port P3 2 to P3 6 , P4 0 to P4 5 



Data bus - 



Direction register 



Port latch 




N-channel open drain output 



O 



Port P3 2 to P3 6) P4 0 to P4 5 



li 

TTT 



Note : P3 2 , P3 3 may also be used as 
timer inputs 

P3 4 , P3 6 may also be used as 
external interrupt inputs 
P3 5l P3 6 may also be used as 
input pins for A-D converter 
P4 0 to P4 5 may also be used as 
serial I/O pins 



Port P4 6 , P4 7l P6 



Data bus 



Direction register 



Port latch 



W 



f 



N-channel open drain output 



O Port P4 e. P4 7 , P6 



Note '. P4 6 , P4 7 , P6 may also be used as 
PWM output pins 
P4 6> P4 7 may also be used as 
serial I/O pins 



Hsync. Vsync 
Data bus - 

F,N 



Schmitt input 



P/D, MO, & R, G, B, I, OUT 



-2h 



it 

m 



-Of in 



-Oh 



SYNC V SYNC 



\ it 



u; 



CMOS output 



-Q P/D, MO, <J>, R, G, B, I, OUT 
jl Ai Note : R, G, B, I, and OUT pins 



777 



may also be used as 
port P5 2 to P5 6 



Fig. 47 Block diagram of port PO to P6 (single-chip mode) and output format of P/D, MO, <f>, R, G, B, I, OUT, and F IN 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 0 
and 1 at address 00FB 16 ) , three different operation modes 
can be selected; single-chip mode, memory expansion 
mode, and microprocessor mode. 

In the memory expansion mode and the microprocessor 
mode , ports PO to P3 can be used as address, and data in- 
put/output pins. 

Figure 49 shows the functions of ports PO to P3. 

The memory map for the single-chip mode is illustrated in 

Figure 2 and for other modes, in Figure 48. 

By connecting CNV SS to V S s, all three modes can be 

selected through software by changing the processor mode 

bits. Connecting CNV SS to V C c automatically forces the 

microcomputer into microprocessor mode. 

The three different modes are explained as follows: 



(1) Single-chip mode [00] 

The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNV SS is con- 
nected to V S s- Ports PO to P3 will work as original I/O 
ports. 

(2) Memory expansion mode (01) 

The microcomputer will be placed in the memory ex- 
pansion mode when CNV SS is connected to V ss and 
the processor mode bits are set to "01". This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 

In this mode, port PO and port P1 are as a system 
address bus and the original I/O pin function is lost. 
Port P2 becomes the data bus of D 7 to D 0 (including 
instruction code) and loses its normal I/O function. Port 
P3 0 and works as R/W and SYNC. 

(3) Microprocessor mode [10] 

When CNVss is connected to V S s and the processor 
mode bits are set to "10", or after connecting CNV SS to 
V cc and initiating a reset the microcomputer will auto- 
matically default to this mode. In this mode, the internal 
ROM is inhibited so the external memory is required. 
Other functions are same as the memory expansion 
mode. The relationship between the input level of 
CNV SS and the processor mode is shown in Table 14. 

Note : Use the M37250M6-XXXSP in the microprocessor 
mode or the memory expansion mode only at 
program development. 

The standards is assured only in the single-chip 
mode. 



ffff 1£ 



A000 1£ 

4000, 6 

2000 16 
0206, 6 
0200 16 
01C0 16 

0100 16 
00C0 16 




0000! 6 



Internal ROM 



Memory for 

display 

L\\\\\\\\\\\\\\^ 



Special function registers 



Internal RAM 



Special function 
registers 



Internal RAM 



Memory expansion 
mode 



FFFF-i, 




0100 1( 
OOCd 



0000 1( 



Special function registers 

[\\\\\\\\\\\^ 



Internal RAM 



Special function 
registers 



Internal RAM 



Microprocessor mode 
The shaded area is external memory area 



Fig. 48 Example memory area in processor mode 
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CM, 


0 


0 


1 


CM 0 


0 


1 


0 


\Mode 
Port \ 


Single-chip 
mode 


Memory expansion 
mode 


Microprocessor 
mode 


Port PO 


ii i r 

Ports P0 7 to P0 0 
I/O port 


ti i r 

Ports P0 7 to P0 0 

Y Address V 
A A 7 toA 0 A 


Same as left 


Port P1 


•J I I 

Ports P1 7 to P1„ 


d 1 1 

Ports P1 7 to P1 0 


Same as left 


Y I/O port 


Y Address Y 

A A 15 to a 8 a 






Port P2 


d i r 

Ports P2 7 to P2 0 
I/O port 


*A I r 

Ports P2 7 to P2 0 

~\ / Data \ 
/ ~\ D 7 toD 0 /"" 


Same as left 


Port P3 


J I I 

Ports P3 2 to P3 6 


♦J I I 

Ports P3 2 to P3 6 


Same as left 


jf I/O port 
A 


}f I/O port 
A y 


Port P3, 


Port P3 1 


I/O port 
Port P3 0 


"X SYNC )f 

Port P3 0 


I/O port 


"X ™ T 



Fig. 49 Processor mode and function of port PO to P3 



Table 14. Relationship between CNV S s pin input level and processor mode 



CNVss 


Mode 


Explanation 


V S s 


• Single-chip mode 

• Memory expansion mode 

• Microprocessor mode 


The single-chip mode is set by the reset. All modes can be selected by changing the pro- 
cessor mode bit with the program. 


Vcc 


• Microprocessor mode 


The microprocessor mode is set by the reset 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
52. 

When an STP instruction is executed, the internal clock <f> 
stops oscillating at "H" level. At the same time, timer 3 and 
timer 4 are connected automatically and FF 16 is set in the 
timer 3, 07 16 is set in the timer 4, and timer 3 count source 
is forced to f(X iN ) divided by 16. This connection is cleared 
when an external interrupt is accepted or the reset is in, as 
discussed in the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the clock </> keeps its "H" level until timer 4 over- 
flows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 
When the WIT instruction is executed, the clock <f> stops in 
the "H" level but the oscillator continues running. This wait 
state is cleared when an interrupt is accepted. Since the 
oscillation does not stop, the next instructions are executed 
at once. 

To return from the stop or the wait status, the interrupt en- 
able bit must be set to "1" before executing STP or WIT in- 
struction. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 50. 



The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock usage is shown in Figure 51 
X| N is the input, and Xqut is open. 



M37250M6-XXXSP 

X|N X 0UT 



30 



=LC lh 

irr 



Fig. 50 External ceramic resonator circuit 



M37250M6-XXXSP 


X 


IN 


30 ' 





External oscillating 
circuit 



ruuir 



Fig. 51 External clock input circuit 



Interrupt request - 



Interrupt _J 
disable flag I 




Reset 



STP instruction ~ 



S Q — . 



WIT 

instruction 



S Q 


n 


Q S 


R 






R 



Reset 



- STP instruction 



6 



1/2 






1/8 





Internal clock <f> 



TMR2 0 



Timer 3 



Timer 4 



6 



TMR2 2 



Fig. 52 Block diagram of clock generating circuit 
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PROGRAMMING NOTES 

(1 ) The frequency ratio of the timer is 1 /( n-H ) . 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program) , those instruction are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) After the ADC and SBC instructions are executed 
(indecimal mode) , one instruction cycle (such as a 
NOP) is needed before the SEC, CLC, or CLD instruc- 
tions are executed. 

(4) A NOP instruction must be used after the 'execution of 
a PLP insturction. 

(5) In order to avoid noise and latch-up, connect a bypass 
capacitor (~0.1/^F) directly between the V cc pin and 
V ss pin using a heavy wire. 



DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1) mask ROM order confirmation form 

(2) mark specification form 

(3) ROM data EPROM 3 sets 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V C c 


Supply voltage 


With respect to V S s 

Output transistors are at "off" state 


—0. 3 to 6 


V 


v, 


Input voltage CNV S s 


—0. 3 to 6 


V 




Input voltage P0 0 -P0 7) PI0-PI7, P2 0 -P2 7 , 
P3 0 -P3 6 , P4 0 -P4 7> P60-P63, 
Hsync Vsync. RESET, F|N 


—0. 3 to Vcc+0. 3 


V 


V 0 


Output voltage P0 0 -P0 7 , PVP17, P2 0 -P2 7 , 
P3 0 -P3 6 , P4 0 -P4 5 , 

R, G, B, I, OUT, P/D, MO, X 0U t, OSC2 


—0. 3 to Vcc+0. 3 


V 


V 0 


Output voltage P4 6 , P4 7 , P6 0 -P6 3 


—0. 3 to 13.0 


V 


'oh 


Circuit current R, G, B, I, OUT, P0 o -P0 7 , 
P1 0 -P1 7 , P2 0 -P2 7 , 
P3 0 , P3 1f P/D, MO 




0 to 1 (Note 1 ) 


mA 


'OL.1 


Circuit current R, G, B, I, OUT, P0 0 -P0 7l 
PI0-PI7, P2 0 -P2 3 , 
P3 0 -P3 6 , P4 0 -P4 3 , P/D, MO 




0 to 2(Note 2) 


mA 


'oL2 


Circuit current P6 0 -P6 3 , P4 6 , P4 7 




0 to 1(Note 2) 


mA 


'oL3 


Circuit current P2 4 -P2 7 




0 to 10(Note 3) 


mA 


'oL4 


Circuit current P4 4 , P4 5 




0 to 3(Note 2) 


mA 


Pd 


Power dissipation 


T a =25°C 


550 


mW 


Topr 


Operating temperature 




-10 to 70 


°C 


Tstg 


Storage temperature 




—40 to 125 


°C 



RECOMMENDED OPERATING CONDITIONS (V CC =5V±10%, T a =-10 to70°C unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm. 


Typ 


Max 


Vcc 


Supply voltage(Note 4) During the PLL, CRT operation 


4.5 


5.0 


5.5 


V 


V S s 


Supply voltage 


0 


0 


0 


V 


V,H 


"H" input voltage P0 0 -P0 7 , PI0-PI7, P2 0 -P2 7 , 
P3 0 -P3 6 , P4 0 -P4 3 , P4 6 ,P4 7 , 
P6o-P6 3 , Hsynci Vsync. RESET, 
X, N , OSC1 


0. 8V CC 




Vcc 


V 


V, H 


"H" input voltage P4 4 , P4 5 


0. 7V CC 




Vcc 


V 


V, L 


"L" input voltage P0 0 -P0 7 , PVPI7, P2 0 -P2 7 , 

P3 0 , P3i, P3 5 , P4 0 , P4 3 -P4 5 , P4 7> P6 0 -P6 3 


0 




0. 4V CC 


V 


V 1L 


"L" input voltage P3 2 -P3 4 , P3 6 , P4 1( P4 2) P4 6 , 

Hsync, V SY nc RESET, X, N , OSC1 


0 




0. 2V CC 


V 


'oh 


"H" average output current (Note 1 ) R.G.B.I.OUT.POo-POr, 
P1 0 -P1 7 , P2 0 -P2 7 , P3 0> P3i, P/D, MO 






1 


mA 


'oi_1 


"L" average output current (Note 2) R,G,B,I,OUT,P0 0 -P0 7 , 
P1 0 -P1 7 , P2 0 -P2 3 , P3 0 -P3 6 , P4 0 -P4 3 , 
P/D, MO 






2 


mA 


'oi_2 


"L" average output current (Note 2) P6 0 -P6 3 , P4 6l P4 7 






1 


mA 


'oL3 


"L" average output current (Note 3) P2 4 -P2 7 






10 


mA 


'oi_4 


"L" average output current (Note 2) P4 4 , P4 5 






3 


mA 


fcpu 


Oscillating frequency (for CPU operation) (Note 5) 


3.6 


4.0 


4.4 


MHz 


fcRT 


Oscillating frequency (for CRT display) 


6.0 


7.0 


8.0 


MHz 


fhs 


Input frequency P3 2 -P3 4 , P3 6 , P4 5 






100 


kHz 


fhs 


Input frequency P4! 






1 


MHz 


fhs 


Input frequency Fin Vt=0. 6 V P - P 


Sine wave 


1.0 




15 


MHz 


Square wave 


0.1 




15 


MHz 



Note 1 : The total current that flows out of the IC should be 20mA (max.) 

2 The total of l 0 u. 'ol2. and l 0 L4 should be 30mA (max ). 

3 : The total of l OL of port P2 4 -P2 7 should be 20mA (max ). 

4 Apply 0. 1 5// F or grater capacitance externally between the V cc — V ss power supply pins so as to 
reduce power source noise Apply 0. 15>uF or grater capacitance externally between the V CC2 — V S s2 



as same 

Also apply 0. 15/iF or greater capacitance externally between the V cc — CNV SS pins 
5 : Use the quartz crystal oscillator for CPU oscillation circuit 
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ELECTRIC CHARACTERISTICS (V CC =5V±10%, V ss =0V, T a =-10 to70°C, f(X, N )=4MHz unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'cc 


Supply current 


V C c=5. 5V, f(X, N )=4MHz 
CRT OFF - 




10 


20 


mA 


V C c = 5. 5V, f(X m )=4MHz 
CRT ON, PLL ON 




25 


35 


At wait mode V C c=5. OV 




500 


800 


MA 


At stop mode Vcc = 5. OV 




1 


10 


juA 


Voh 


"H" output voltage P0 0 -P0 7 , PI0-PI7, P2 0 -P2 7 , 

P3 0 , P3 1( R, G, B, I, OUT, P/D, MO 


V cc =4. 5V 
Ioh~ — 0. 5mA 


2.4 






V 


Vol 


"L" output voltage P0 0 -P0 7 , PVPI7, P2 0 -P2 3 , 
P3 0 -P3 6 , P4 0 -P4 3l 
R, G, B, 1, OUT, P/D, MO 


V cc =4. 5V 
Iql—0- 5mA 






0.4 


V 


"L" output voltage P6 0 -P6 3 , P4 6 , P4 7 


V C c=4. 5V 
Iql—0- 5mA 






0.4 


"L" output voltage P2 4 -P2 7 


Vcc=4. 5V 
l OL =10mA 






3.0 


"L" output voltage P4 4 , P4s 


V cc =4. 5V 
\ OL =3mA 






0.4 


V T -f-V T - 


Hysteresis RESET 


V cc =5. OV 




0.5 


0. 7 


V 


Hysteresis (Note) H S ync. V SY nc, P3 2 -P3 4 , 
P3 6) P4l P4 2l P4 4 -P4 6 


V cc =5. OV 




0.5 


1.3 


'OZH 


"H" input leak current RESET, P0VP0 7 , P1o-P1 7 , 
P2 0 -P2 7) P3 0 -P3 6 , P4 0 -P4 5 


V C c=5. 5V 
V 0 =5. 5V 






5 


U A 


"H" input leak current 
P60-P63, P4 6 , P4 7 


V cc =5. 5V 
V 0 =12V 






10 


"H" input leak current P/D 


V cc =5. 5V 
V 0 =5. 5V 






1 


'oZL 


"L" input leak current RESET, P0 0 -P0 7 , 
P1 0 -P1 7 , P2 0 -P2 7> P3 0 -P3 6 , 
P4 0 -P4 7 , P60-P63 


V cc =5. 5V 
V o =0V 






5" 


MA 


"L" input leak current P/D 


V cc =5. 5V 
V o =0V 






1 



Note 1 . P3 2 -P3 4 , P3 6 have the hysteresis when these pins are used as interrupt input pins or timer input pins. 
P4i, P4 2 , P4 4 -P4 6 have the hysteresis when these pins are used as serial I/O ports 
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DESCRIPTION 

The M37260M6-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
52-pin shrink plastic molded DIP. This single-chip micro- 
computer is useful for the high-tech on-screen display sys- 
tem for TVs. 

In addition to their simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

FEATURES 

• Number of basic instructions 69 

• Memory size ROM 24576 bytes 

RAM 320 bytes 

CRT ROM 20480 bytes 

CRT RAM 280 bytes 

• Instruction execution time 

0.5/^s (minimum instructions at 8MHz frequency) 

• Single power supply 5V±10% 

• Power dissipation 

(normal operation mode at 4MHz frequency) 
110mW (V CC =5.5V, CRT display) 

• Subroutine nesting 96 levels (Max.) 

• Interrupt 11 types, 11 vectors 

• 8-bit timer 4 

• Programmable I/O ports 

(Ports P0, P1, P2, P3) 30 

• Output port ( Port P4) 6 

• Input port (Port P5) 7 

• Serial I/O (maximum 64-bit) 1 

• CRT display function 

Display characters 40 charactersX3 lines 

(25 lines max.) 

Dot structure 12X20 dots or 16X20 dots 

Character types 510 types 

Character size 30 types 

(minimum dot width is 1/2 scanning line) 

Color types Max 16 types (R, G, B, I) 

Character unit/blank of line unit/raster can be spe- 
cified 

Display layout 

Horizontal 256 levels 

Vertical 1024 levels 



PIN CONFIGURATION (TOP VIEW) 



OSC1 
OSC2--U 
Hsync/P5 0 — *" E 
Vsync/P5i—E 
MXR/P5 2 — E 
MXG/P5 3 — E 
MXB/P5 4 /TIM2-»E 
MXI/P5 5 /TIM3 — E 
MXOUT/P5 6 -* E 
R/P4 0 <-[io 
G/P4, «-E 
B/P4 2 *-[j2 
I/P4 3 «- H 
OUT/P4 4 «-[u 
CSYN/P4 5 «- [TJ 

P3i ~m 

P3o~[i7 
P3 2 /INT/CS — [l8 

P3 3 /s^~Di 

P3 4 /S IN> S OU t/SDA**|20 
P3 5 /S CL k/SCL — E 
CNVss-^E 
RESET -+ E 
X,n^E 

XoUT *~ E 

Vss-E 



2 

CO 
■vj 
N> 

o> 
o 

05 
i 

X 
X 
X 

(fi 



ID^poo 

5<i]++ P0t 
II** P0 2 
48]^P0 3 
47|+* po 4 

U^POs 
U~P0 6 
43++P0 7 
«|— P1 0 

m~pi2 

40|— P1 3 

H**pi 4 

37|^P1 6 
36j**P1 7 
H^P2o 
34)^-P2 1 
I]~P2 2 
H**P2 3 

m-P2 4 

U^P2 5 
U**P2 6 
P2 7 
13—0 



Outline 52P4B 



APPLICATION 

TV 
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FUNCTIONS OF M37260M6-XXXSP 



Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


0. b/us (minimum instructions, at 8MHz frequency) 


Clock frequency 


8MHz (maximum) 


Memory size 


ROM 


24576 bytes 


RAM 


320 bytes 


CRT ROM 


20480 bytes 


CRT RAM 


280 bytes 


Input/Output ports 


PO, P1, P2 


I/O 


8-bitX3 (CMOS output) 


P3 0 , P3i 


I/O 


2-bitX1 (CMOS output) 


P3 2 -P3 5 


I/O 


4-bitX 1 (can be used as serial I/O pins and external interrupt pin)(N- 
channel open drain output) 


P4 


Output 


6-bitX1 (can be used as R, G, B, I, OUT, and CSYN pins)(CMOS output) 


P5 


Input 


7-bit X 1 (can be used as H SYNC , V SY nc> MXR, MXG, MXB, MXI, and 
MXOUT pins) 


Serial I/O 


64-bit (maximum)XI, Special serial I/O (8-bit) XI 


Timers 


8-bit timerX4 


Subroutine nesting 


96 levels (maximum) 


Interrupt 


One external interrupt, eight internal interrupts, 
one software interrupt 


CRT display function 


Display characters 


40 charactersX3 lines (maximum 25 lines in program) 


Dot structure 


12X20 dots or 16X20 dots 


Characters types 


510 types 


Character size 


30 types (mimimum dot width is 1/2 scanning line) 


Color types 


Max. 16 types (R, G, B, l) 


Display layout 


Hohzontal 256 levels, Vertical 1024 levels 


Clock generating circuit 


Two built-in circuits (externally connected ceramic or quartz crystal oscillator) 


Supply voltage 


5V±10% 


Power dissipation 


at CRT display ON 


110mW (clock frequency X, N =4MHz, V CC =5.5V, Typ ) 


at CRT display OFF 


55mW (clock frequency X| N =4MHz, V cc =5. 5V, Typ ) 


at stop mode 


1. 65mW (maximum) 


Memory expansion 


Possible 


Operating temperature range 


-10to70°C 


Device structure 


CMOS silicon gate process 


Package 


52-pin shrink plastic molded DIP 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc, 
V SS 


Supply voltage 




Power supply inputs 5V±10% to V C c, and OV to V ss 


CNVss 


CNVss 




This is connected to V S s- 


RESET 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2yus (under normal V C c 
conditions) 

If more time is needed for the crystal oscillator to stabilize, this "L" condition should be maintained for the 
required time. 


X|N 


Clock input 


Input 


This chip has an internal clock generating circuit To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between X| N and X 0 ut pins If an external clock is used, the clock 
source should be connected the X| N pin and the X 0 ut pm should be left open. 


XoUT 


Clock output 


Output 


</> 


Timing output 


Output 


This is a timing output pin 


po 0 — P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with direction register allowing each I/O bit to be individually programmed as 
input or output At reset, this port is set to input mode The output structure is CMOS output 


P1 0 — P1 7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO 


P2 0 -P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO 


P3 0 -P3 5 


I/O port P3 


I/O 


Port P3 is a 6-bit I/O port and has basically the same functions as port PO, but the output structure of P3o 
and P3i is CMOS output and the output structure of P32— P3s is N-channel open drain 
P3 2 is in common with external interrupt input pin INT When serial I/O is used, P32, P33, P3 4 , and P3s work 
as CS, Srdy, Sin/Sout. and Sclk pins, respectively. When special serial I/O is used, P3 4 and P3s work as 
SDA and SCL pins, respectively. 


OSC1 


Clock input for CRT 
display 


Input 


There are I/O pins of the clock generating circuit for the CRT display function 


OSC2 


Clock output for CRT 
display 


Output 


HsYNC 


Hsync input 


Input 


This is a horizontal synchronizing signal input for CRT display This pin is in common with input Port P5 0 


VsYNC 


Vsync input 


Input 


This is a vertical synchronizing signal input for CRT display. This pin is in common with input Port P5i 


MXR, MXG, 
MXB, MXI, 
MXOUT 


Video signal input for 
mixing 


Input 


These are video signal input pins. MXR, MXG, MXB, MXI, and MXOUT are in common with P5 2 , P53, P5 4 , 
P5 5 , and P5 6 Also P5a and P5 5 are in common with external clock input pins TIM2 and TIM3 


R, G, B, 
I, OUT 


Video signal output 


Output 


This is a 5-bit output pin for CRT display The output structure is CMOS output R, G, B, I, and OUT are in 
common with P4 0 , P4i, P4 2 , P4 3 , and P4 4 


CSYN 


Composite sync signal 
output 


Output 


This is a composite sync signal output pin, and in common with output port P4 5 
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FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 

The M37260 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the MELPS 740 
CPU core basic functions, or the MELPS 740 Software Manual. 
Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 



CPU Mode Register 

The CPU mode register is allocated to address 00FB 16 . Bits 
0 and 1 of this register are processor mode bits. This regis- 
ter also has a stack page selection bit. 



CPU mode register (address 00FB 16 ) 



Processor mode bits, 
0 0 : Single-chip mode 

0 1 '. Memory expansion mode 

1 0 : Microprocessor mode 
1 1 ! Disable 



■ Stack page selection bit 

0 I In 0 page area 

1 ! In 1 page area 



System clock output selection bit 

0 : Stop (reset-out) 

1 '. System clock output 



Fig. 1 Structure of CPU mode register 
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MEMORY 

• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 

• RAM 

RAM is used for data storage as well as a stack area. 

• ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 

• RAM for display 

RAM for display is used for specifing the character codes 
and colors to display. 



• ROM for display 

ROM for display is used for storing character data. 

• Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 

• Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

• Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 



RAM 

(192 bytes) 



RAM 

(128 bytes) 



0000 ie 



00BF 16 
00C0 16 



. 00FF 1t 
0100 16 



017F 1( 



ROM 

(24576 bytes) 



RAM for display J 2000 16 

(280 bytes) j 27FFi6 

ROM for display i 

(20480 bytes) j 7FFFl6 



A000 1£ 



FF00 1( 



FFDE 1( 



FFFF 1£ 



SFR area 



Not used 



Not used 



Not used 



Interrupt vector area 



Zero page 



Special page 



Fig. 2 Memory map 
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00C0 16 


Port P0 


00E0 16 


Horizontal position register 




00C1 16 


Port P0 direction register 


00E1 16 


Vertical position register 1 (block 1) 




00C2 16 


Port P1 


00E2 16 


Vertical position register 2 (block 2) 




00C3 16 


Port P1 direction register 


00E3 16 


Vertical position register 3 (block 3) 




00C4 16 


Port P2 


00E4 16 


Vertical position register 4 (block 1 to 3) 




00C5 16 


Port P2 direction register 


00E5 16 


Mixing circuit control register 




00C6 16 


Port P3 


00E6 16 






00C7 16 


Port P3 direction register 


00E7 16 






00C8 16 


Port P4 


00E8 16 


— — : — ; — > 

CRT input polarity register 




00C9i 6 


Port P4 mode register 


00E9 16 


Sync, generater control register 




00CA 16 


Port P5 


00EA 16 


CRT control register 




00CB 16 




00EB 16 


Display block counter 




00CC 16 




00EC 16 


CRT output polarity register 




00CD 16 


Serial I/O mode register 1 


00ED 16 


Wipe mode register 




00CE 16 


Serial I/O mode register 2 


00EE 16 


Wipe start register 




00CF 16 


Serial I/O register 0 


00EF 16 






00D0 16 


Serial I/O register 1 


00F0 16 


— 

Timer 1 




00D1 16 


Serial I/O register 2 


00F1 16 


Timer 2 




00D2 16 


Serial I/O register 3 


00F2 16 


Timer 3 




00D3 16 


Serial I/O register 4 


00F3 16 


Timer 4 




00D4 16 


Serial I/O register 5 


00F4 16 


Timer 12 mode register 




00D5 16 


Serial I/O register 6 


00F5 16 


Timer 34 mode register 




00D6 16 


Serial I/O register 7 


00F6 16 


Special serial I/O register 




00D7 16 


Character size register 1 (block 1) 


00F7 16 


Special mode register 1 




O0D8 16 


Character size register 2 (block 2) 


00F8 16 


Special mode register 2 




00D9 16 


Character size register 3 (block 3) 


00F9 16 






00 6 


Blank control register 1 (block 1) 


00FA 16 






00DB 16 


Blank control register 2 (block 2) 


00FB 16 


CPU mode register 




00DC 16 


Blank control register 3 (block 3) 


00FC 16 


Interrupt request register 1 




00DD 16 


Block 1 interrupt occurrence position control register 


00FD 16 


Interrupt request register 2 




00DE 16 


Block 2 interrupt occurrence position control register 


00FE 16 


Interrupt control register 1 




00DF 16 


Block 3 interrupt occurrence position control register 


00FF 16 


Interrupt control register 2 













Fig. 3 SFR (Special Function Register) memory map 
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INTERRUPTS 

Interrupts can be caused by 10 different events consisting 
of two external, seven internal, and one software events. 
Interrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op- 
eration is similar to an interrupt. 

When an interrupt is accepted, the registers are pushed, 
interrupt disable flag I is set, and the program jumps to the 
address specified in the vector table. The interrupt request 
bit is cleared automatically. The reset and BRK instruction 
interrupt can never be disabled. Other interrupts are dis- 
abled when the interrupt disable flag is set. 
All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter- 
rupt request bits are in interrupt request registers 1 and 2 
and the interrupt enable bits are in interrupt control regis- 
ters 1 and 2. Figure 4 shows the structure of the interrupt 
request registers 1 and 2 and interrupt control registers 1 
and 2. 

Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is "1", interrupt 
request bit is "1", and the interrupt disable flag is "0". The 
interrupt request bit can be reset with a program, but not 
set. The interrupt enable bit can be set and reset with a 
program. 

Reset is treated as a non-maskable interrupt with the high- 
est priority. Figure 5 shows interrupts control. 



Interrupt Causes 

0) Vsync and CRT interrupts 

The Vsync interrupt is an interrupt request synchro- 
nized with the vertical synchronization signal. 
The CRT interrupt is generated after character block 
display to the CRT is completed. 

(2) INT interrupt 

With an external interrupt input, the system detects that 
the level of a pin changes from "L" to "H" or from "H" 
to "L", and generates an interrupt request. The input 
active edge can be selected by bit 5 of the CRT input 
active edge register (address 00E8 16 ) : when this bit is 
"0", a change from "L" to "H" is detected; when it is 
"1", a change from "H" to "L" is detected. Note that all 
bits are cleared to "0" at reset. 

(3) Timer 1, 2, 3 and 4 interrupts 

An interrupt is generated by an overflow of timer 1, 2, 
3, or 4. 

(4) Serial I/O interrupt 

This is an interrupt request from the clock-synchronized se- 
rial I/O function. 

Note that serial I/O or special serial I/O is selected by 
bit 3 of the serial I/O mode register 2 (address 00CE 16 ). 

(5) 1 ms interrupt 

This interrupt is generated regularly with a 1024/^s 
period. When the X )N clock is 4MHz, set bits 7 and 4 of 
the sync generator control register to "0". When the X, N 
clock is 8MHz, set bit 7 of the sync generator control 
register to "0" and bit 4 to "1" 

(6) BRK instruction interrupt 

This interrupt has the lowest priority of all software in- 
terrupts. It does not have a corresponding interrupt en- 
able bit, and it is not affected by the interrupt disable 
flag (non-maskable). 



Table 1. Interrupt vector address and priority. 



Event 


Priority 


Vector addresses 


Remarks 


RESET 


1 


FFFF 16 , FFFE 16 


Non-maskable 


CRT interrupt 


2 


FFFD 16 , FFFC 16 




INT interrupt 


3 


FFFB 16 , FFFA 16 


External interrupt 


Serial I/O interrupt 


4 


FFF9 16 , FFF8 16 




1 ms interrupt 


5 


FFF7 16 , FFF6 16 




Timer 4 interrupt 


6 


FFF5 16 , FFF4 16 




Vsync interrupt 


7 


FFF3 16 , FFF2 16 


External interrupt 


Timer 3 interrupt 


8 


FFF1 16 , FFF0 16 




Timer 2 interrupt 


9 


FFEF 16 , FFEE 16 




Timer 1 interrupt 


10 


FFED 16 , FFEC 16 




BRK instruction interrupt 


11 


FFDF 16 , FFDE 16 


Non-maskable software interrupt 
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I I Interrupt request register 1 
(address 00FC 16 ) 



Timer 1 interrupt request bit 
Timer 2 interrupt request bit 

- Timer 3 interrupt request bit 

- Timer 4 interrupt request bit 

- -CRT interrupt request bit 

- V S ync interrupt request bit 



J Interrupt request register 2 
(address 00FD 16 ) 

— INT interrupt request bit 

— Serial I/O interrupt request bit 
—-1ms interrupt request bit 



This bit must be set to "0". 



0 I No interrupt request issued 

1 : Interrupt request issued 



Interrupt control register 1 | \ 
(address 00FE 16 ) 

' — Timer 1 interrupt enable bit 
Timer 2 interrupt enable bit 
Timer 3 interrupt enable bit 
Timer 4 interrupt enable bit 
CRT interrupt enable bit 
Vsync interrupt enable bit 



1 Interrupt control register 2 
(address 00FF 16 ) 

— INT interrupt enable bit 

— Serial I/O interrupt enable bit 

— 1ms interrupt enable bit 



0 •' Interrupt disable 

1 ". Interrupt enabled 



Fig. 4 Structure of registers related to interrupt 



Interrupt request bit 






Interrupt enable bit 






Interrupt disable flag 1 c| 






BRK instruction j j ^ Interrupt request 

reset J ^ 



Fig. 5 Interrupt control 
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TIMER 

The M37260M6-XXXSP has four timers; timer 1, timer 2, 
timer 3 and timer 4. All of timers are 8-bit structure and 
have 8-bit latches. 

A block diagram of timer 1 through 4 is shown in Figure 7. 
All of the timers are down count timers and their division 
ratio are 1/(n + l), where n is the contents of timer latch. 
The same value is set to timer by writing the count value to 
the latch (addresses 00F0 16 to 00F3 16 • timer 1 to timer 4) 
When a timer reaches "00 16 " and the next count pulse is in- 
put to a timer, a value which is the contents of the reload 
latch are loaded into the timer. The timer interrupt request 
bit is set at the next count pulse after the timer reaches 
"00 16 ". 

The contents of each timer is shown in following. 

(1) Timer 1 

Either f (X, N ) divided by 16 or a 1024yus clock can be 
selected as the count source of timer 1 . 
(When the X, N clock is 4MHz, set bits 7 and 4 of the 
sync generator control register (address 00E9 16 ) to "0". 
When the X, N clock is 8MHz, set bit 7 of the sync 
generator control register to "0" and bit 4 to "1".) When 
bit 0 of the timer 12 mode register (address 00F4 16 ) is 
"0", f(X, N ) divided by 16 is selected; when it is "1", the 
1024//S clock is selected. 

Timer 1 interrupt request is occurred with timer 1 over- 
flow 

(2) Timer 2 

f(X )N ) divided by 16, timer 1 overflow signal, or an ex- 
ternal clock input from P5 4 /MXB/TIM2 pin can be 
selected as the count source of timer 2 by specifying 
bit 4 and 1 of the timer 12 mode register (address 
00F4 16 ). 

Timer 2 interrupt request is occurred with timer 2 over- 
flow. 

(3) Timer 3 

Either f(X (N ) divided by 16 or an external clock input 
from P5 5 /MXI/TIM3 pin can be selected as the count 
source of timer 3 by specifying bit 0 of the timer 34 
mode register (address 00F5 16 ). 
Timer 3 interrupt request is occurred with timer 3 over- 
flow. 

(4) Timer 4 

f(X| N ) divided by 16, f(X, N ) divided by 2, or timer 3 
overflow signal can be selected as the count source of 
timer 4 by specifying bit 4 and 1 of the timer 34 mode 
register (address 00F5 16 ). 

Timer 4 interrupt request is occurred with timer 4 over- 
flow. And the timer 4 overflow signal can be used as 
the clock source of special serial I/O. 
At reset or an STP instruction is executed, timer 3 and 
timer 4 are connected automatically, and the value 
"FF 16 " is set to timer 3, and the value "07 16 " is set to 
timer 4 

f(X, N ) divided by 16 is selected as count source of tim- 



er 3. 

When the internal reset is removed or stop mode is re- 
moved, the internal clock is connected by timer 6 over- 
flow at above state. In this reason, the program starts 
with stable clock. 

The timer related registers structure is shown in Figure 
6. 



Fig. 6 Structure of timer 12 mode register and 
timer 34 mode register 



Timer 12 mode register : T12M 
(address 00F4 16 ) 

- Timer 1 count source selection bit 

0 : f(X, N ) divided by 16 

1 : 1024/iS clock 



Timer 2 count source selection bit 

0 '. Internal clock 

1 : External clock from P5 4 /MXB 

/TIM 2 pin 



Timer 1 count stop bit 

0 : Count start 

1 : Count stop 



Timer 2 count stop bit 

0 : Count start 

1 '. Count stop 



Timer 2 internal clock source 
selection bit 

0 : f(X 1N ) divided by 16 

1 : Timer 1 overflow 



~] Timer 34 mode register : T34M 

| (address O0F5 16 ) 

' Timer 3 count source selection bit 

0 : f(X, N ) divided by 16 

1 : External clock from P5 5 /MXI 

/TIM3 pin 



Timer 4 internal clock source 
selection bit 

0 ' Timer 3 overflow 

1 : f(X, N ) divided by 16 



Timer 3 count stop bit 

0 : Count start 

1 : Count stop 



Timer 4 count stop bit 

0 : Count start 

1 ! Count stop 



Timer 4 count source selection bit 

0 : Internal clock 

1 : f(X IN ) divided by 2 
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1024//S clock 

o 



x,n O — > 



P5 4 /MXB/TIM2 

o — H>- 



P5 5 /MXI/TIM3 

o — H>~ 



1/2 






1/8 







Timer 1 latch (8) 



T12M 0 I 



Timer 1 (8) 



T12M 2 



T12M 4 



Timer 2 latch (8) 



T12Mi \ 



Timer 2 (8) 



T12M 3 



Timer 3 latch (8) 



Timer 3 (8) 



T34M 2 



5>© T34M! 



07 ie 



Timer 4 latch (8) 



T34M 



Timer 4 (8) 



T34M 3 



1 



Selection gate At reset, the 
shaded area 
is connected 



^Timer 1 

" interrupt request 



Timer 2 

interrupt request 



reset 

STP instruction 



Timer 3 
** interrupt request 



Timer 4 

interrupt request 



Note 1 : Pulse width of external clock input TIM2, TIM3 need more than 4 machine cycles 

2 : When the external clock source is selected, timer 2 and timer 3 are counted by the rising edge of input signal 



Fig. 7 Block diagram of timer 1, timer 2, timer 3 and timer 4 
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SERIAL I/O 

The M37260M6-XXXSP has a built-in serial I/O function 
that can either transmit or receive up to 64-bits of serial 
data in clock-synchronized form. The serial I/O function can 
transfer up to 64 bits of data in 8-bit units according to the 
setting of the serial I/O shift register. 
A block diagram of the serial I/O function is shown in Fig. 
8. The serial I/O receive enabled signal pin (S RDY ), syn- 
chronization clock I/O pin (S CL k), and data I/O pins (S OU t 
and S| N ) also function as the P3 port. 



Bit 2 of the serial I/O mode register 1 (address 00CD 16 ) 
selects whether the synchronizaion clock is supplied inter- 
nally or externally (from the S CL k pin) and, if the internal 
clock is selected, bits 1 and 0 select whether f(X )N ) is di- 
vided by 8, 16, 32, or 64. Bits4 and 3 select whether port 
P3 is used for serial I/O. Bits 2, 1, and 0 of the serial I/O 
mode register 2 select the count of the transfer clock at 
which the serial I/O interrupt request is generated The op- 
eration of the serial I/O function is described below. 



XinQ" 



P3 3 /S R dyi (^y^ 



P3 2 /CS 



o- 



P3 5 /S C LK O" 



P3 4 /S, N O 

SquT 



) 


1/2 




1/2 




Counter 1 









P3 3 latch 

4- 



SM1 5 



Synch or on us 
circuit 



SM2 4 -C 




P3 5 latch SCL 

SM1 3 SMI4 
P3 4 latch SDA 



SMI3 SMI4 



SM1 2 



1/2 i 1/4 I 1/8 I 1/16 
SM1, 



SM1 0 



counter (8) 



SM2 2 


SM2! 


SM2 0 


Serial I/O counter (1 ) to (8) 



^ SM1 7 



Serial I/O 




Serial I/O 
register 6 

(8) 




Serial I/O 
register 5 

(8) 




Serial I/O 




Serial I/O 




Serial I/O 




Serial I/O 




Serial I/O 




register 7 

(8) 








register 4 

(8) 




register 3 




register 2 

(8) 




register 1 




register 0 

(8) 





^ 8 ^8 ^8 X 8 X s X 8 "t 8 X 8 



SM1 6 : LSB**MSB 



Serial I/O 

interrupt 

request 



Fig. 8 Block diagram of serial I/O 
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If the serial I/O register 0 (address 00CF 16 ) is written to, 
the 

Srdy signal is at "H" during the write cycle; it then goes 
"L" when the write cycle ends to indicate reception en- 
abled status. If the serial I/O register's transfer clock goes 
"L" even once, the S RDY signal goes "H". During the write 
cycle to the serial I/O register 0, the value set in the serial 
I/O mode register 2 is set in the serial I/O counter, and the 
serial I/O register's transfer clock is forced to "H". After the 
write cycle ends, the data in each register is shifted one bit 
in sequence from serial I/O register 0 to serial I/O register 
1, serial I/O register 2, serial I/O register 3, serial I/O reg- 
ister 4, serial I/O register5, serial I/O register 6, to serial 
I/O register 7, until it is finally output from the 

Sout pin, 

each time the transfer clock changes from "H" to "L". Bit 6 
of the serial I/O mode register selects whether transfer is 
from the lowest bit of each serial I/O register, or from the 
highest bit. 

During reception, data is fetched from the S !N pin each 
time the transfer clock changes from "L" to "H" and, at the 
same time, the data in each register is shifted one bit in 
sequence from serial I/O register 7 to serial I/O register 6, 
serial I/O register 5, serial I/O register 4, serial I/O register 
3, serial I/O register 2, serial I/O register 1, to serial I/O 
register 0. 

If the transfer clock is the count value set in the serial I/O 
mode register 2, when the serial I/O counter reaches "0", 
the transfer clock stops at "H" and the corresponding inter- 
rupt request bit is set. 

If an external clock is selected as the clock source, it must 



be controlled externally because the transfer clock does 
not stop, even when the interrupt request bit is set. Use a 
clock of no more that 1MHz with a duty cycle of 50% as the 
external clock. 

Serial I/O timing is shown in Fig. 9. If an external clock is 
used for the transfer, the external clock must be "H" when 
the serial I/O counter is initialized. If the internal clock is 
switched to an external clock, make sure that it is switched 
while no transfer is in progress, and make sure that the se- 
rial I/O counter is initialized after the switch. 
A connection example for transferring data from one 
M37260M6-XXXSP to another is shown in Fig. 10. If P3 2 is 
used as the CS pin, set the P3 2 direction register to input 
("0") and set bit 4 of the serial I/O mode register 2 to "0". 
This setting ensures that the transfer clock is fixed at "H" 
when the P3 2 input signal is "H", and data is not shifted. If 
the P3 2 input signal goes "L", data will be shifted according 
to the clock input from the P3 5 /S C lk pin. Note that if bit 4 of 
the serial I/O mode register 2 is set to "1", the data will be 
shifted according to the clock input from the P3 5 /S C lk pin, 
regardless of the P3 2 input signal. 

Note 1 When writing programs, remember that the serial 
I/O counter will also be set by using bit manipula- 
tion instructions such as SEB and CLB to write to 
the serial I/O register 0. 
2 '. When writing data to serial I/O registers 0 to 7, 
make sure that serial I/O register 0 is the last one 
written to. 



Transfer 
clock 

Serial I/O 
register 0 
write signal 

Sin/Squt 





i 








r 








^DooX^oiX^° 2 X^ o3 X'^ o4 X'^ o5 X'^ o6 X^ o7 X'^ io X'^ ii X i 















Byte 1 




Bytes 2 to 6 



Byte 8 



interrupt request bit set 

Note The timing at which the interrupt request bit is set can be selected by the serial I/O mode register 2 from 8 positions ranging from 
the completion of the transfer of byte 1 to the completion of the transfer of byte 8 



Fig. 9 Serial I/O timing 
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Transmission side 



Serial I/O mode register 1 



Bit 7 



Srdy 
BitO 



0 


X 


0 


0 


1 


1 


X 


X 



ScLK 

Set the direction register for S RD y P'n in 
input mode 



Soui 



Srdy 



Synchronous clock 



Serial data 



Reception side 



Serial I/O mode register 1 

Srdy 
Bit 7 



BitO 



1 


X 


1 


0 


1 


0 


X 


X 



Fig. 10 Example of serial I/O connection 



Note : "X"means "0"or"1" 



Serial I/O mode register 1 
: SIOMR1 (address 00CD 16 ) 



- Internal synchronous clock 
selection bits 

00 : Oscillation divided by 8 

01 : Oscillation divided by 16 

10 : Oscillation divided by 32 

11 : Oscillation divided by 64 
-Synchronous clock selection bit 

0 : External clock 

1 '. Internal clock 

-Serial I/O and special serial I/O 
port selection bits 

X0 : P3 4( P3 5 

01 : Sout/Sin pm, 

11 : SDA, SCL pin 
-Srdy signal output selection bit 

0 : Port P3 3 

1 : Srdy signal output pin 

- Transfer direction selection bit 

0 : LSB first 

1 : MSB first 

- Sout control bit 

0 : Sout output 

1 • Squt output" H" 



Serial I/O mode register 2 
: SIOMR2( address 00CE 16 ) 



-Serial I/O interrupt request control bits 

000 : Interrupt is requested at 8 

count of transfer clock 

001 ". Interrupt is requested at 16 

count of transfer clock 

010 : Interrupt is requested at 24 

count of transfer clock 

011 : Interrupt is requested at 32 

count of transfer clock 

100 : Interrupt is requested at 40 

count of transfer clock 

101 : Interrupt is requested at 48 

count of transfer clock 

110 : Interrupt is requested at 56 

count of transfer clock 

111 : Interrupt is requested at 64 

count of transfer clock 
-Interrupt source selection bit 

0 : Serial I/O interrupt 

1 ' Special serial I/O interrupt 

-CS pin control bit 

0 *. CS pin input is valid 

1 '. CS pin input is invalid 

(Data are shift by external clock that is 
not related CS pin input) 



Fig. 11 Structure of serial I/O mode register 1 



Fig. 12 Structure of serial I/O mode register 2 
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Fig. 14 Serial I/O register state during reception of 2-byte date 
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SPECIAL MODE (l 2 C BUS MODE*) 

M37260M6-XXXSP has a special serial I/O circuit that can 
be reception or transmission of serial data in conformity 
with l 2 C (Inter IC) bus format. 

I 2 C bus is a two line directional serial bus developed by 
Philips to transfer and control data among internal ICs of a 
machinery. 

M37260M6-XXXSP's special serial I/O is not included the 
clock synchronisation function and the arbitration detect- 
able function at multimaster. 

Operations of master transmission and master reception 
with special serial I/O explained in the following: 
(1 ) Master transmission 

© To generate an interrupt at the end of transmission, set 
bit 3 of serial I/O mode register 2 (address 00CE 16 ) to 
"1" so as to special serial I/O interrupt is selected. 

© Then set bit 1 of interrupt control register 2 (address 
00FF 16 ) to "1" so as to special serial I/O interrupt is 
enabled. Clear the interrupt disable flag I to "0" by us- 
ing the CLI instruction. 

(3) The output signals of master transmission SDA and 
SCL are output from ports P3 4 and P3 5 . Set all bits 
(bits 4 and 5) corresponding to P3 4 and P3 5 of the port 
P3 register (address 00C6 16 ) and the port P3 direction 
register (address 00C7 16 ) to "1". 

® Set the transmission clock. The transmission clock uses 
the overflow signal of timer 4. Set appropriate value in 
timer 4 and timer 34 mode register. (For instance, if 
f(X, N )/2 is selected as the clock source of timer 4 and 
9 is set in timer 4 when f (X IN ) is 4MHz, the master 
transmission clock frequency is 100kHz.) 

© Set contents of the special mode register 2 (address 
00F8 16 ). (Usually, the vaule is "03 16 ".) 

(D Set the bits 3 and 4 of serial I/O mode register' 1 
(address 00CD 16 ) so as the port P3 4 and P3 5 is speci- 
fied to SDA and SCL. After that set the special mode 
register 1 (address 00F7 16 ). Figure 18 shows the struc- 
ture of special mode registers 1 and 2. 
Initial setting is completed by the above procedure. 

© Clear bits 0 and 1 of special mode register 2 (to "0") 
to make both SDA and SCL output to "L". This is for 
arbitration. Immediately after this, write data to be 



transmitted in the special serial I/O register (address 
00F6 16 ). The start signal has been completed. 
The hardware automatically sends out data of 9-clock 
cycle. The 9th clock is for ACK reception and the out- 
put level becomes "H" at this clock. If other master 
outputs the start signal to transmit data simultaneously 
with this 9th clock, it is not detected as an arbitration- 
lost. 

When the ACK bit has been transmitted, bit 1 of the in- 
terrupt request register 2 is set to "1" (issue of inter- 
rupt request), notifying the end of data transmission. 

® To transmit data successively, write data to be sent to 
the special serial I/O register, and set the interrupt en- 
abled state again. By repeating this procedure, unli- 
mited number of bytes can be transmitted. 

® To terminate data transfer, clear bits 0 and 1 of the 
special mode register 2 to "0". 

® Set bit 1 clock SCL to "1". 

® Then set bit 0 data SDA to "1". This procedure trans- 
mits the stop signal. 

Figure 16 shows master transmission timing explained 
above, (the numbers in this figure are correspond to 
above explained numbers.) 
(2) Master reception 

Master reception is carried out in the interrupt routine after 
data is transferred by master transmission. For master 
transmission and interrupt thereafter, see the preceding 
section (1) Master transmission (the process until © in Fi- 
gure 16.) 

In the interrupt routine, set master reception ACK provided 
(22 16 ) in the special mode register 1 (address 00F7 16 ) , 
and write "FF 16 " in the special serial I/O register (address 
00F6 16 ). This sets data line SDA to "H" and to perform 8- 
clock master reception. Then, a clock of "L" is transmitted 
to data line SDA for ACK receiving. In the ACK provided 
mode, the above ACK is automatically sent out. 
Repeat the above receiving operation for a necessary num- 
ber of times. Then return to the master transmission mode 
and transmit the stop signal by the same procedure for the 
master transmission (the process from (9) to dJ) in Figure 
16.) 

Figure 17 shows master reception timing. 



* i Purchase of Mitsubishi Electric Corporation's l 2 C components converys a license under the Philips l 2 C Patent Rights to use these 
components in an l 2 C system, provided that the system conforms to the l 2 C Standard Specification as defined by Philips. 
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Fig. 15 Block diagram of special serial I/O 
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Fig. 16 Master transmission timing 
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Fig. 17 Master reception timing 
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Special mode register 1 
(address 00F7 16 ) 



SB 



■ Transmission and reception mode 
selection bit 

0 : Reception mode 

1 ' Transmission mode 

• Synchronous clock selection bit 

0 : External clock 

1 ' Timer 4 overflow 



ACK operation selection bit 

0 : ACK is not transmitted or received 

1 : ACK is transmitted and received 

Start signal detect bit 

0 '. Start signal is not detected 

1 : Start signal was detected 

Stop signal detect bit 

0 : Stop signal is not detected 

1 : Stop signal was detected 



Special mode register 2 ' SC 
(address 00F8 16 ) 



- Data line control bit 

0 : SDA outputs "L" 

1 : SDA outputs "H" 

Clock line control bit 

0 SCL outputs "L" 

1 : SCL outputs "H" 

ACK recognition bit 

0 '. ACK was received 

1 : ACK is not received 

Wait function 1 enable bit 

0 : Wait function 1 is disabled 

1 ' Wait function 1 is enabled 

Wait function 2 enable bit 

0 : Wait function 2 is disabled 

1 : Wait function 2 is enabled 

Wait function 1 acceptance display bit 

0 : Wait function 1 is not accepting 

1 '. Wait function 1 is accepting 

Wait function 2 acceptance display bit 

0 : Wait function 2 is not accepting 

1 : Wait function 2 is accepting 



Fig. 18 Structure of special mode registers 1 and 2 



(3) Wait functions 

Wait function 1 holds the SCL line at "L" after the 8th clock 
falls in special mode. Wait function 2 holds the SCL line at 
"L" after the 9th clock falls in the same way. 
When one of the wait functions operates, the internal coun- 
ter that counts the clock must be reset after bit 3 or 4 of the 
special mode register 2 is set to "1", to enable the corres- 
ponding wait function 1 or 2 to operate, Reset the internal 
counter by writing data to the special serial I/O register 
(address 00F6 16 ), or by setting the START signal detection 
bit to "1". Reset the internal counter for each byte before 
data transfer. 



The wait functions can be released by setting the corres- 
ponding bit 5 or 6 of the special mode register 2 to "1". 
Note 1 : Clear the START signal detection bit (bit 6) and 
the STOP signal detection bit (bit 7) of the spe- 
cial mode register 1 by writing "1" to bit 6 or bit 7. 
2 : If the special serial I/O function is operating, 
change the value of bit 4 of the sync generator 
control register (address 00E9 16 ) to suit the fre- 
quency of the system clock (X| N ). 
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CRT DISPLAY FUNCTIONS 

Table 2 outlines the CRT display functions of the 
M37260M6-XXXSP. The M37260M6-XXXSP incorporates a 
40 columns X 3 lines CRT display control circuit. CRT dis- 
play is controlled by the CRT display control register. 
Up to 510 kinds of characters can be displayed, and colors 
can be specified for each character. A combination of up to 
16 colors can be obtained by using each output signal (R, 
G, B, and I). 

Table 2. Outline of CRT display functions 



Item 


Efficiency 


Display characters 


40 charactersX3 lines 
(maximum 25 lines) 


Character 
configuration 


12X20 or 16X20 dots 


Kinds of character 


510 kinds 


Character size 


30 kinds 


Color 


Kinds of color 


16 (maximum) 


Coloring unit 


Character 


Extension display 


Possible (multiple lines) 



Characters are displayed in a 12X20 or 16X20 dots con- 
figuration to obtain smooth character patterns. (See Figure 
19) 

The following shows the procedure how to display charac- 
ters on the CRT screen. 

© Write the display character code to the display RAM. 

® Write the color code to the display RAM. 

© Specify the vertical position and character size by us- 
ing the vertical position register and the character size 
register. 

® Specify the horizontal position by using the horizontal 

position register. 
® Write the display enable bit to the designated block 

display flag of the CRT control register. When this is 

done, the CRT starts operation according to the input 

of the 

Vsync signal. 

The CRT display circuit has an extended display mode. 
This mode allows multiple lines (more than 4 lines) to be 
displayed on the screen by interrupting the display each 
time one line is displayed and rewriting data in the block 
for which display is terminated by software. 
Figure 20 shows a block diagram of the CRT display control 
circuit. Figure 21 shows the structure of the CRT display 
control register. 

And the mixing circuit is built-in that can be output the sig- 
nal mixed external color signals with internal color signals, 
so that the CRT display can be controlled by the 2-chip 
constructed system. 

The sync generator that generates the synchronous signal 
can be output each synchronous signal as NTSC or PAL 
with/without interlacing. 




Fig. 19 CRT display character configuration 
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Data bus 



(Address 00E9 16 ) 



Sync generator 
control register 



(Address 00EA 16 ) 



CRT control register 



(Addresses 00E1 16 to 00E4 16 ) 



Vertical position 
registers 



(Addresses O0D7 16 to 00D9 16 ) 



Character size registers 



(Address 00E0 16 ) 



Horizontal position register 



(Addresses 00DA 16 to 00DC 16 ) 



Blank control registers 



RAM for display 
22bitsX40X1 
+16 bits X40X2 



(Address 00EC 16 ) 



CRT output polarity register 



(Address 00E8 16 ) 



CRT input polarity register 



(Address 00E5 16 ) 



Mixing circuit control register 



OSC1 OSC2 

11 



HsYNC V S YNC 

9 9 



Oscillation 
circuit 



Sync 
generator 



Synchronous 
signal selection 



Field identification 
circuit 



Display position 
control circuit 



ROM for display 
16 bits X 20 
X510 



Shift register 
16 or 12 bits 



Display control 
circuit 



RAM for 
border function 



Shift register 
16 or 12 bits 



Output circuit 
R G B I OUT 



Mixing circuit 



G B I OUT 



-CSYNC 



■ MXR 
- MXG 

MXB 
MXI 

■ MXOUT 



Fig. 20 CRT display control circuit block diagram 
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CRT control register 
: CC(Address 00EA 16 ) 
All-blocks display control bit (Note 1) 

0 : All-blocks display off 

1 : All-blocks display on 

- Block 1 display control bit 

0 : Block 1 display off 

1 : Block 1 display on 

- Block 2 display control bit 

0 : Block 2 display off 

1 Block 2 display on 

- Block 3 display control bit 

0 : Block 3 display off 

1 '. Block 3 display on 

- Block 1 color specification mode selection 
bit 

0 '. Ordinary mode 

1 i 1/2-character unit color specification 

mode 

- Display oscillation stop flag 

0 : Oscillation stopped 

1 : Oscillation enabled 

- Scanning line double-count mode flag 

0 '. Normal 256 count mode 

1 : Scanning line double-count mode 



_ j est ; Keep at "0" 

Note 1 : The all-blocks display control bit is AND of all the 
block display control bits 



Fig. 21 Structure of CRT control register 



(1) Display Position 

Character display position is specified in units called 
blocks. There are three blocks— block 1 to block 3 — and 
each block can hold up to 40 characters (for details, see 
the previous section (3) Display Memory.) 
The display position of each block can be set horizontally 
and vertically by software. 

Horizontal positions can be selected for all blocks in com- 
mon from 256-steps in 4Tc units (Where Tc : display 
oscillation period). 

Vertical display positions can be selected for each block 
from 1024-steps in single scanning line units. 
If a display start position is superimposed on another block 
((b) in Figure 23), the block with the smallest number (1 
to 3) is displayed. 

If the display position of a block comes while another block 
is displayed ((c) in Figure 23), the second block is dis- 
played. 



Vertical positions for each block can be set in 1024 steps 
(where each step is one scanning line) as values 00 16 to 
FF 16 in vertical position registers 1 to 3 (addresses 00E1 16 
to 00E3 16 ) and values 00 16 to 3F 16 in bits 0 to 5 of vertical 
position register 4. The structures of the vertical position 
registers are shown in Figure 22. 



7 0 
I I I I I I I j 1 Vertical position register 
Vertical position register 1 
: CV1 (address 00E1 16 ) 
Vertical position register 2 
: CV2 (address 00E2 16 ) 
Vertical position register 3 
: CV3 (address 00E3 16 ) 



' — 1 — 1 — 1 — 1 — 1 — 1 — 1 Setting of lower 8 bits of 

vertical display start position 

7 Q 
1 11111. T*1 Vertical position register 4 
I I I I I I : CV4 (address 00E4 16 ) 

' — ' Setting of upper 2 bits of block 1 

vertical display start position , 

' — ' Setting of upper 2 bits of block 2 

vertical display start position 

— I Setting of upper 2 bits of block 3 

vertical display start position 



Fig. 22 Structure of vertical position registers 

The horizontal position is common to all blocks, and can be 
set in 256 steps (where one step is 4T C , T c being the dis- 
play oscillation period) as values 00 16 to FF 16 in the hori- 
zontal position register (address 00E0 16 ). The structure of 
the horizontal position register is shown in Figure 24. 
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(HR) 

Bits 0 and 1 of 
CV 4 , and Cv/ 



Bits 2 and 3 of Y 
CV 4> and CV 2 



Bits 4 and 5 of CV 4 , and CV 3 - 



Block 3 



(a) Example when each block is separated 



(HR) 



Bits 0 and 1 of 
CV 4l and CVr 

Bits 2 and 3 of 
CV 4) and CV 2 



Bits 4 and 5 of CV 4) and CV 3 



Block 1 



Block 3 



(b) Example when the display start position of a block overlaps with some other block 



(HR) 



Bits 0 and 1 of 
CV 4 , and CV r 

Bits 2 and 3 of - 
CV 4 , and CV 2 



Bits 4 and 5 of CV 4) and CV 3 



-Block 2- 



Block 3 



(c) Example when one block is displaying some other block is superimposed 



Fig. 23 Display position and value of vertical position registers CVx (x : 1 to 4) 
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7 0 

I | | 1 1 1 1 "1 Horizontal position register 
I I I I I I I I : HR (Address 00E0 16 ) 



Horizontal display start position 
256-steps from 00 16 to FF 16 



Fig. 24 Structure of horizontal position register 

(2) Character Size 

The size of characters to be displayed can be selected 
from 30 types, by combining 5 vertical types and 6 horizon- 
tal types in block units. Set the size with the character size 
registers (addresses 00D7 16 to 00D9 16 ). Either of two char- 
acter font configurations, 12 dots wide X 20 dots high or 16 
dots wide X 20 dots high, can be selected for each block. 
The configuration of the character ROM font is shown in Fi- 
gure 26. 

The display start position in the horizontal direction is the 
same, regardless of changes in character size, but it does 
differ if the character font configuration is changed. The 
display start position in the horizontal direction for 16 dots 
wide X 20 dots high characters is 4T C to the right of that for 
12 dots wideX20 dots high characters. 



7 0 
| | | | | | p~| Character size register 

III Character size register 1 
: CS1 (address 00D7 16 ) 
Character size register 2 
: CS2 (address 00D8 16 ) 
Character size register 3 
I CS3 (address 00D9 16 ) 

' — ' — ' Vertical character size switching bits 

000 : 1 dot=1H 

001 : 1 dot =2H 

010 : 1 dot=3H 

011 : 1 dot=4H 
1XX : 1 dot=1/2H 

' — ' — ' Horizontal character size 

switching bits 

000 : 1 dot=1Tc 

001 : 1 dot =2Tc 

010 : 1 dot=3Tc 

01 1 : 1 dot =4Tc 
1X0 : 1 dot=6Tc 
1X1 : 1 dot=8Tc 



Fig. 26 Character ROM font for 12 dots wide X 20 dots 
high font 



J Character font configuration 

switching bit 

0 : 12 dots wide X20 dots high font 

1 : 16 dots wide X 20 dots high font 

Note 1 • 1H =1 scanning line width 

2 I Tc : Display oscillation period 

3 : X : 1 or 0 

Fig. 25 Structure of character size registers 
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The 1 dot=1/2 scanning line display function differentiates 
between odd-numbered and even-numbered fields from 
differences in the waveform in the synchronization signals 
used by the interlace method, and displays one character 
font for both fields. Bit 6 of the sync generator control regis- 
ter (address 00E9 16 ) controls the active edge of the field 
identification flag, and the character font divided for each 
field can be selected. 

The field identification flag can also be read out from bit 6 
of the display block counter (address 00EB 16 ). 



Size : 
1 dot 
= 1Tc 



Size : 

1 dot = 2Tc 



Size : 1 dot = 3Tc 



Size : 1 dot = 4Tc 



Size : 1 dot = 6Tc 



Size : 1 dot = 8Tc 



Display start position for 
12 X20 dot characters 



Size : 

1 dot= 1Tc 



Size : 1 dot = 2Tc 



Size : 1 dot = 3Tc 



Size : 1 dot = 4Tc 



Size : 1 dot = 6Tc 



Size : 1 dot = 8Tc 



- Display start position for 16 X20 dot characters 



Fig. 27 Display start positions (horizontal) for each character size 
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The description below assumes that field identification is 
based on the case where the active edges of both the hori- 
zontal and vertical synchronization signals are negative. 
Each field is identified as either odd or even by the hard- 
ware detecting the positions of the falling edges of the 
horizontal and vertical synchronization signals, and compar- 
ing them. Therefore, to ensure correct field identification, 
make sure that the two synchronization signals are input in 
accordance with the identification criteria given below. 
Since the field identification is based on the system clock 
(X| N ), make sure that the value of bit 4 of the sync gener- 
ator control register (address 00E9 16 ) is changed in 
accordance with the frequency of the system clock. 
Even-numbered field : The vertical synchronization signal 
falls within 2/^s before or after the 
fall of the horizontal synchronization 
signal. 

Odd-numbered field : The vertical synchronization signal 
falls within 2/^s before or after a 
point 1/2 a cycle after the fall of the 
horizontal synchronization signal. 



Field 


Sync signal 
(Example '. negative edge input) 


Field identification flag active 
edge bit (bit 6 of the sync 
generator control register) 


Field identification flag bit 
(bit 6 of the display block 
counter) 


Display font 


Odd-numbered 
field 


Horizontal 
sync signal 










0 


1 


□ part 






1 


0 


□ part 


Vertical sync \f 
signal 


Even-numbered 
field 


Horizontal 
sync signal 










0 


0 


□ part 


Vertical sync 1 
signal I 


1 


1 


□ part 



63 5/u sec 



1/2 cycle 



Horizontal 
sync signal 



if 



tr 



2ju seci2/z sec 2u sec! 2/u sec 



Vertical sync 
signal 



"L 



Even-numberd field Odd-numbered field 



Fig. 28 Identification criteria for field identification 



b7 b6 b5 b4 b3 b2 b1 bO b7 b6 b5 b4 b3 b2 b1 bO 



Example '. When the field identification flag active edge bit is 0, odd- 
numbered fields display the □ font and even-numbered fields 
display the □ font, Bit 6 of the display block counter can be 
read as the field identification flag '. it is "1" for an odd- 
numbered field, "0" for an even-numbered field 



Character ROM font configuration 
Note : The field identification flag changes at the fall of the vertical sync signal (negative edge input) 



Fig. 29 Relationships between field identification flag and display font 
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Character code 
: ni 6 

(where n = 0 to 1FF 1B ) 



Address in display ROM 



3000i6+20 16 Xn 16 +0 16 

3000 16 +20 16 Xn 16 +2 16 

3000 16 +20 16 Xn 16 +4 16 

3000 16 +20 16 Xn 16 +6 16 

3000 16 +20 16 Xn 16 +8 16 

3000 16 +20 16 Xn 16 +A 16 

3000 16 +20 16 Xn 16 +C 16 

3000 16 +20 16 Xn 16 +E 16 

3000 16 +20 16 Xn 16 +10 16 

3000 16 +20 16 Xn 16 +12 16 

3000 16 +20 16 Xn 16 +14 16 

3000 16 +20 16 Xn 16 +16 16 

3000 16 +20 16 Xn 16 +18 16 

3000 16 +20 16 Xn 16 +1A 16 

3000 16 +20 16 Xn 16 +1C 16 

3000 16 +20 16 Xn 16 +1E 16 

7000 16 +8i 6 Xn 16 +0 16 
7000 16 +8 16 Xn 16 +2 16 
7000 16 +8 16 Xn 16 +4 16 
7000 16 +8 16 Xn 16 +6 16 



b7b6b5b4b3b2b1b0 




b7b6b5b4b3b2b1b0 




Data in display 
ROM 



Ode 

oo 1£ 



02 16 
02i 6 
04 16 
04 16 
08, 6 



10ie 
1Fi 6 



20 16 



20 16 
40 16 
40 16 
00 16 



Address in display ROM 



3000 16 +20 16 Xn 16 +1 16 

3000 16 +20 16 Xn 16 +3 16 

3000 16 +20 16 Xn 16 +5 16 

3000 16 +20 16 Xn 16 +7 16 

3000 16 +20 16 Xn 16 +9 16 

3000 16 +20 16 Xn 16 +B 16 

3000 16 +20 16 Xn 16 +D 16 

3000 16 +20 16 Xn 16 +F 16 

3000 16 +20 16 Xn 16 +11 16 

3000 16 +20 16 Xn 16 +13 16 

3000 16 +20 16 Xn 16 +15 16 

3000 16 +20 16 Xn 16 +17 16 

3000 16 +20 16 Xn 16 +19 16 

3000 16 +20 16 Xn 16 +1B 16 

3000 16 +20 16 Xn 16 +1D 16 

3000 16 +20 16 Xn 16 +1F 16 

7000 16 +8 16 Xn 16 +1 16 
7000 16 +8 16 Xn 16 +3 16 
7000 16 +8 16 Xn 16 +5 16 
7000 16 +8 16 Xn 16 +7 16 



b7b6b5b4b3b2b1b0 




Data in display 
ROM 

00 16 
00 16 
80 16 



40 16 
20 16 
20, 6 

10,6 
10,6 
10,6 

08 16 
F8 16 
08 16 
04 16 
04,6 



b7b6b5b4b3b2b1b0 



s 



04 16 
02 16 
02 16 
00 16 



Fig. 30 Storage format of display characters 



(3) Display Memory 

There are two types of display memory: CRT display ROM 
(addresses 3000 16 to 7FFF 16 ) which contains previously 
stored (masked) character dot data, and display RAM 
(addresses 2000 16 to 27FF 16 ) which specifies characters 
and colors to be displayed. These memory types are de- 
scribed below. 

© CRT display ROM (addresses 3000 16 to 7FFF 16 ) 
The CRT display ROM contains dot pattern data for display 
characters. To display these stored characters in operation, 
specify character codes (code determined based on 
addresses in CRT display ROM) that are specific to those 
characters, by writing them to the CRT display RAM. 
Since the CRT display ROM has contains 20K bytes and 
the data for one character takes up 40 bytes, 512 charac- 
ters can be stored. However, a two-character space is re- 



quired for test purposes, so in practice 510 characters can 
be stored for display. 

Within the CRT display ROM area, data for part of each 
character that is (upper 16 dots high) X (left-hand 8 dots 
wide) is stored at addresses 300X 16 to 3FFX 16 (where X = 
0, 2, 4, 6, 8, A, C, E), data for part of each character that is 
(upper 16 dots high) X (right-hand 8 dots wide) is stored at 
300Y 16 to 3FFY 16 (where Y=1, 3, 5, 7, 9, B, D, F), data for 
part of each character that is (lower 4 dots high) X (left- 
hand 8 dots wide) is stored at addresses 700M 16 to 7FFM 16 
(where M=0, 2, 4, 6, 8, A, C, E), and data for part of each 
character that is (lower 4 dots high) X (right-hand 8 dots 
wide) is stored at 700N 16 to 7FFN 16 (where N=1, 3, 5, 7, 9, 
B, D, F), as shown in Figure 30. 
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Table 3. Character Code Chart (Partially abbreviated) 





Character data storage address 


Character 


Left-hand 8 dots 


Right-hand 8 dots 


code 


Upper 16 


Lower 4 


Upper 16 


Lower 4 




dots 


dots 


dots 


dots 




3000! 6 


7000! 6 


3001 ! 6 


7001 16 




3002 16 


7002 16 


3003! 6 


7003! 6 




3004 16 


7004 16 


3005! 6 


7005! 6 




3006 16 


7006 16 


3007! 6 


7007 16 




3008! 6 




3009i 6 






300A 16 




300Bi 6 






300C 16 




300D 16 




OOO16 


300E 16 

3010! 6 

301 2i 6 
301 4i 6 
301 616 
301 8i 6 
301 A! 6 
301 C 16 
301 E 16 




300Fi 6 
3011 is 
301 3 16 
301 5 16 
301 7 16 
301 9 16 
301 B 16 
301 D 16 
301 F 16 






3020 16 


7008! 6 


3021 16 


7009 16 




3022 16 


700A 16 


3023 16 


700B 16 




3024! 6 


700C 16 


3025 16 


700D 16 




3026i 6 


700E 16 


3027 16 


700F 16 




3028i 6 




3029! 6 






302A 16 




302B 16 






302Ci 6 




302D 16 




001 16 


302E 16 




302F 16 




303d 6 
3032 16 
3034^ 6 
3036! 6 
3038! 6 
303A 16 
303C 16 
303E 16 




3031! 6 
3033i 6 
3035 16 
3037! 6 
3039! 6 
303Bi 6 
303D 16 
303F 16 
















6FE0 16 


7FF8 16 


6FE1 16 


7FF9 16 




6FE2 16 


7FFA 16 


6FE3ie 


7FFB 16 




6FE4 16 


7FFC 16 


6FE5 16 


7FFD 16 




6FE6 16 


7FFE 16 


6FE7 16 


7FFF 16 




6FE8 16 




6FE9 16 






6FEA 16 




6FEB 16 






6FEC 16 




6FED 16 




IFF! 6 


6FEE 16 
6FF0 16 
6FF2 16 
6FF4 16 
6FF6 16 
6FF8 16 
6FFA 16 
6FFC 16 
6FFE 16 




6FEF 16 
6FF1 16 
6FF3 16 
6FF5 16 
6FF7 16 
6FF9 16 
6FFB 16 
6FFD 16 
6FFF 16 





Each character code used when specifying display charac- 
ters^ defined as n 16 (where n = 0 to 1FF), and is deter- 
mined based on the address in CRT display ROM that con- 
tains the data for that character (see the storage format of 
display character shown in Fig. 30) . The character codes 
are listed in Table 3. 

© CRT display RAM (addresses 2000i 6 to 27FF 16 ) 
The CRT display RAM is allocated at addresses 2000 16 to 
27FF 16 , and is divided into a display character code speci- 
fication part and a display color code specififcation part for 
each block. The contents of this area are shown in Table 4. 
For example, to display one character at the first character 
position (the left edge) of block 1, write the character code 
to bit 6 of address 20C0 16 and to address 2000 16 , and write 
the color code to the lowermost 6 bits (bits 0 to 5) of 
address 20C0 16 . For details of the color codes, see section 
(4) Color codes. The structure of the CRT display RAM is 
shown in Fig. 31. 

When generating a mask for the M37260M6-XXXSP, note 
that the character patterns of Table 6 and Table 7 must be 
written to the specified addresses as a test character pat- 
tern. 
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Table 4. CRT display RAM description 



Block 


Display position 
(from left side) 


Character code specification 


Color code specification 


1/2 character unit color code 
specification 


High-order 1 bit 


Low-order 8 bit 


Block 1 ( 


1st character 


20C0 16 


2000! 6 


20C0i 6 


2180 16 


2nd character 


20C1 16 


2001! 6 


20C1 16 


2181 16 


3rd character 
38th character 


20C2 16 
20E5 16 


2002! 6 
2025 16 


20C2i 6 
20E5i 6 


2182 16 
21A5 16 


39th character 


20E6 16 


2026! 6 


20E6i 6 


21A6 16 


40th character 


20E7 16 


2027 16 


20E7i 6 


21A7 16 


Not used 


20E8 16 

to 
20FF 16 


2028i 6 

to 
203F 16 


20E8i 6 

to 
20FF 16 




Block 2 


1 st character 


2100 16 


2040 16 


2100! 6 


2nd character 


2101 16 


2041! 6 


2101 16 


3rd character 
38th character 


2102 16 
2125 16 


2042! 6 
2065! 6 


2102 16 
2125 16 


39th character 


2126 16 


2066i 6 


2126 16 


40th character 


2127 16 


2067i 6 


2127 16 


Not used 


2128 16 

to 
213F 16 


2068! 6 

to 
207 Fi 6 


2128 16 

to 
213F 16 


Block 3 


1st character 


2140 16 


2080i6 


2140 16 


2nd character 


2141 16 


2081 ! 6 


2141 16 


3rd character 
38th character 


2142 16 
2165 16 


2082 16 
20A5 16 


2142 16 
2165 16 


39th character 


2166 16 


20A6i 6 


2166 16 


40th character 


2167 16 


20A7i 6 


2167 16 






21 68, 6 


20A8 16 


2168 16 






Not used 


to 


to 


to 








217F 16 


20BF 16 


217F 16 
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Block 1 

(Character specification] 



1st column : 2000 16 
to 

40th column : 2027 16 



(Color and character specification) 

1st column : 20C0 16 
to 

40th column : 20E7 16 



1st column : 2180 16 
to 

40th column : 21A7 ie 



Block 2 and 3 
(Character specification) 



1st column : 2040 16 
to 

40th column : 2067! 6 

(Addresses 2080 16 to 20A7 1f 
in the case of block 3) 



(Color and character specification) 

1st column 2100 16 
to 

40th column : 2127 16 

(Addresses 2140 16 to 2167 1f 
in the case of block 3) 



Fig. 31 Structure of CRT display RAM 



■ Low-order 8 bits of character code 



. Color code specification in the normal mode or 
former 1/2 color code specification in the 1/2- 
character unit color specification mode 
High-order 1 bit of character code 



- Latter 1/2 color code specification in the 1/2- 
character unit color specification mode 



• Low-order 8 bits of character code 



■ Color code specification 

- High-order 1 bit of character code 
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(D Block overwriting function of display memory 
Character codes or color codes for 40 characters can be 
written for each block in a batch by overwriting data at a 
specific address. 

The addresses for block overwriting, the addresses in dis- 
play memory overwritten by these addresses, and the con- 
tents of these addresses are listed in Table 5. 

Table 5. Block overwriting of display memory 



® Notes on display RAM data access 
If the display RAM is accessed (data read or write, block 
write) from the CPU during OSD display, make sure that 
the display RAM for each block is accessed after it has 
been confirmed that the block has been displayed, by an 
event such as a CRT interrupt. 

RAM data can be destroyed if the display RAM for a block 
that is currently being displayed is accessed. 



Address for 
block overwriting 


Addresses in overwritten 
display memory 


Memory contents 


2200 16 


2000i 6 to 2027 16 


Block 1 character code 


2201 16 


2040! 6 to 2067! 6 


Block 2 character code 


2202! 6 


2080i 6 to 20A7 16 


Block 3 character code 


2203! 6 


20C0i 6 to 20E7i 6 


Block 1 color code 


2204 16 


2100i 6 to 2127 16 


Block 2 color code 


2205! 6 


2140 16 to 2167i 6 


Block 3 color code 


2206! 6 


2180 16 to 21A7i 6 


Block 1 color code 2 



: After a write instruction is executed for a block overwrit- 
ing address, wait at least 60 machine cycles before 
issuing a read or write instruction from the CPU for a 
block overwriting address or for display memory. 



Block 1 



Block 2 



Block 3 



Block V 



Block 3' 



^ Block 1 CRT interrupt 

to block 1 display RAM access enabled 



Block 2 CRT interrupt 
^ to block 2 display RAM access enabled 



^ Block 3 CRT interrupt 

^ to block 3 display RAM access enabled 



Fig. 32 Display RAM date access 
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Table 6. Test character pattern 1 settings 



Address 


Data 


Address 


Data 


6FE0 16 


oo 16 


6FF0i 6 


oo 16 


6FE1 16 


oo 16 


6FF1i 6 


oo 16 


6FE2 16 


oo 16 


6FF2i 6 


00! 6 


6FE3 16 


00! 6 


6FF3i 6 


00i 6 


6FE4 16 


00! 6 


6FF4 16 


00, 6 


6FE5 16 


00! 6 


6FF5 16 


00! 6 


6FE6 16 


00! 6 


6FF6i 6 


00! 6 


6FE7 16 


00i 6 


6FF7i 6 


oo 16 


6FE8 16 


00 16 


6FF8ie 


00i 6 


6FE9 16 


00i 6 


6FF9 16 


00i 6 


6FEA 16 


oo 16 


6FFA 16 


oo 16 


6FEB 16 


oo 16 


6FFB 16 


oo 16 


6FEC 16 


00i 6 


6FFC 16 


00 16 


6FED 16 


00i 6 


6FFD 16 


oo 16 


6FEE 16 


00 16 


6FFEi 6 


00i 6 


6FEF 16 


00 16 


6FFFi 6 


00! 6 


7FF8 16 


oo 16 


7FFC 16 


oo 16 


7FF9 16 


oo 16 


7FFD 16 


00! 6 


7FFA 16 


00! 6 


7FFE 16 


00! 6 


7FFB 16 


00! 6 


7FFF 16 


00! 6 



Table 7. Test character pattern 2 settings 



Address 


Data 


Address 


Data 


6FCO16 


8816 


6FD0i 6 


22 16 


6FC1i 6 


Hie 


6FD1i 6 


22 16 


6FC2i 6 


00i 6 


6FD2i 6 


OOi 6 


6FC3 16 


00i 6 


6FD3i 6 


00, 6 


6FC4i 6 


00i 6 


6FD4 16 


00,6 


6FC5i 6 


00i 6 


6FD5i 6 


00, 6 


6FC6i 6 


00! 6 


6FD6i 6 


00! 6 


6FC7i 6 


00i 6 


6FD7i 6 


oo 16 


6FC8i 6 


44 16 


6FD8 16 


1116 


6FC9ie 


44 16 


6FD9 16 


1116 


6FCA 16 


oo 16 


6FDA 16 


oo 16 


6FCBi 6 


00i 6 


6FDB 16 


00 16 


6FCC16 


00i 6 


6FDC 16 


oo 16 


6FCDi 6 


oo 16 


6FDD 16 


OOt 6 


6FCEi 6 


00i 6 


6FDE 16 


00! 6 


6FCFi 6 


00i 6 


6FDF 16 


00! 6 


7FF0i 6 


08! 6 


7FF4 16 


00i 6 


7FF1i 6 


88 16 


7FF5 16 


00i 6 


7FF2 16 


00! 6 


7FF6 16 


80! 6 


7FF3i 6 


00i 6 


7FF7 16 


1116 



(4) Color Codes 

The color each display character can be specified by spe- 
cifying the four color outputs (R, G, B, and I) with the CRT 
display RAM. A color code can be specified for each char- 
acter, and 2 4 =16 colors can be set. 

The R, G, B, and I outputs are set by bits 0 to 3 of the color 
code, character or blank output is set by bit 4, and charac- 
ter output or blank output is specified by bit 5. The struc- 
ture of the color code is shown in Figure 33. 



Color code 
Block 1 (addresses 20C0 16 to 20E7 16l 

and 2180 16 to21A7 16 ) 
Block 2 (addresses 2100 16 to 2127 16 ) 
Block 3 (addresses 2140i 6 to 2167 16 ) 

1 — R pin output selection bit 

0 : No character output 

1 .' Character output 



— G pin output selection bit 

0 : No character output 

1 : Character output 

— B pin output selection bit 

0 : No character output 

1 *. Character output 

— I pin output selection bit 

0 '. No character output 

1 : Character output 

— OUT pin output selection bit (Note) 

0 : No character and blank output 

1 ! Character and blank output 

— OUT pin output control bit (Note) 

0 : OUT pin character output 

1 : OUT pin blank output 

High-order 1 bit of character code 

: When the border function (described later) is used, 
the border back output has priority over these two bits 
(bits 4 and 5) for the OUT pin output 



Fig. 33 Structure of color code 
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(5) 1/2-Character Unit Color Specification 
Mode 

Colors can be specified in 1 /2-characters units for the 
characters of block 1 alone, by setting bit 4 of the CRT 
control register (address 00EA 16 ). In 1/2-character unit col- 
or specification mode, each half of a display character in 
block 1 is displayed as follows: 



• Left-hand half .' The color of the color code specified by 
bits 0 to 5 of color code specification addresses 20C0 16 
to 20E7 16 in the CRT display RAM. 

• Right-hand half The color of the color code specified 
b Y bits 0 to 5 of color code specification addresses 
2180 16 to 21A7 16 in the CRT display RAM. 



Color of the color code 


Color of the color code 




specified by bits 0 to 5 


specified by bits 0 to 5 


Block 1 


of address 20C0 16 


of address 20C1 16 





(a) Ordinary display 



Color of the color code 


Color of the color code 


Color of the color code 


Color of the color code 




specified by bits 0 to 5 


specified by bits 0 to 5 


specified by bits 0 to 5 


specified by bits 0 to 5 


Block 1 


of address 20C0 16 


of address 2180 16 


of address 20C1 16 


of address 2181 16 





(b) Display with 1/2-character unit color specification 



Fig. 34 Correspondence between ordinary color specification and 1/2-character unit color specification mode 
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(6) Multiline Display 

The M37260M6-XXXSP can ordinarily display three lines of 
characters, in three blocks with different vertical positions. 
In addition, up to 25 lines can be displayed by using CRT 
interrupts and the display block counter. 
A CRT interrupt is a function that generates an interrupt for 
each block at the point at which the display of any desired 
number of dots has been completed. In other words, when 
a scanning line reaches the point of the display position 
(specified by the vertical and horizontal position registers) 
of a certain block, the character display of that block starts, 
and an interrupt is issued at the point at which the number 
of dots set by the interrupt position control register is ex- 
ceeded. 

If the lateral character size has been set to 1 dot =1/2 
scanning line width, the CRT interrupt position can be set 
to 10 steps in 1 block/2 dot units; for all other scanning line 
widths it can be set to 20 steps in 1 block/1 dot units. 
The display block counter counts the number of times the 
display of a block has been completed, and its contents are 
incremented by 1 each time the display of one block is 
completed. 

To provide multiline display, enable CRT interrupts by 
clearing the interrupt disable flag to "0" and setting the 
CRT interrupt enable bit (bit 4 at address 00FE 16 ) to "1". 
The processing within the CRT interrupt processing routine 
is as follows. 



©Read the value of the display block counter. 

©The value of © enables identification of a block whose 
display has completed (whether a CRT interrupt genera- 
tion cause has occurred). 

©Read the interrupt position control register. 

©The value of ® enables identification of the number of 
dots at which the CRT interrupt is to occur. 

©Write the display character code, color code, and display 
position of that block into the character code, color code 
(CRT display RAM contents), and vertical display posi- 
tion (contents of vertical position register) to be display- 
ed next. 

The structure of the display block counter is shown in Fi- 
gure 35. 



7 0 
| I | I I I | | | Display block counter 
I I I I I I I : CBC (address 00EB 16 ) 

I — I — I — I — I — I Display of number of blocks 

during or after display 
(Incremented each time a block is 
displayed ) 

' Field identification flag 

Fig. 35 Structure of display block counter 
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rr 



Interrupt occurrence position 
control register 

Block 1 interrupt occurrence 
position control register 
: CI1 (address 00DD 16 ) 

Block 2 interrupt occurrence 
position control register 
: CI2 (address 00DE 16 ) 

Block 3 interrupt occurrence 
position control register 
: CI3 (address 00DF 16 ) 



-Interrupt request generation 
position specification 



Fig. 36 Structure of interrupt position control register 



Block 1 


[ 20 dots 


Block 2 


1 20 dots 


Block 3 


1 20 dots 


Block V 


|20 dots 


(a) Interrupt request after block display 


Block 1 


}10 dots 


Block 2 


]10 dots 


Block 3 


jl0 dots 


Block V 


1 10 dots 



►Interrupt request 
-Interrupt request 
►Interrupt request 
►Interrupt request 

► Interrupt request 

► Interrupt request 

► Interrupt request 
- Interrupt request 



(b) Interrupt request during block display (after 10 dots displayed) 



(a) When lateral character size is not 1 dot =1/2 scanning line width 



Interrupt occurrence 
position control register 



b4 b3 b2 b1 bO 



0 0 0 0 0 

0 0 0 0 1 

0 0 0 1 0 

0 0 0 1 1 



10 0 11 



11111 



Timing of interrupt request generation 



Interrupt after completion of 1-dot display 
Interrupt after completion of 2-dot display 
Interrupt after completion of 3-dot display 
Interrupt after completion of 4-dot display 



Interrupt after completion of 20-dot display 
[ Interrupts disabled (no interrupt requests) 



(b) 


When lateral character size is 1 dot =1/2 scanning line width 


Interrupt occurrence 
position control register 


Timing of interrupt request generation 




b4 


b3 


b2 


b1 


bO 




Odd-numbered 
field 


Even-numbered 
field 






0 


0 


0 


0 


X 




1 


2 






0 


0 


0 


1 


X 




3 


4 






0 


0 


1 


0 


X 


Interrupt after 


5 


6 


dot 




0 


0 


1 


1 


X 


completion of 


7 


8 


display 












X 




















X 












1 


0 


0 


1 


X 




19 


20 














X 




















X 


t Interrupts disabled (no interrupt requests) 




1 


1 


1 


1 


X 













Fig. 38 Timing of interrupt request generation with respect 
to values in interrupt position control register 



Fig. 37 Timing of CRT interrupts 
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Block 3 



Block 1' 



Count value Interrupt 
positions 



4 — 
3 



Fig. 39 Timing of CRT interrupts and values in display block counter 



(7) Scanning Line Double-Count Mode 

Scanning line double-count mode enables an increase in 
character size in the vertical direction to twice the normal 
size, and it can also double the display start position of the 
characters in the vertical direction by double-counting 
scanning lines. In other words, the vertical position register 
sets either a normal mode in which one step is one scan- 
ning line, or a scanning line double-count mode is which 
one step is two scanning lines. 



Scanning line double-count mode can be specified by set- 
ting bit 6 of the CRT control register (address 00EA 16 ) to 
"1". 

Since this mode functions in screen units, a change in 
mode while a screen is being displayed is not validated un- 
til the next screen is displayed. 



Vertical position A 

> Scanning line 20 lines 



(a) Display in the normal mode 



AX2 



Vertical position AX2 



> .Scanning line 40 lines 



(b) Display in the scanning line double count mode 



Fig. 40 Corresponding between normal mode display and scanning line double-count mode display 
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(8) Border Function 

A one clock (one dot) border can be drawn around each 
character displayed, in both the horizontal and vertical 
directions. 

This border is output from the OUT pin. In this case, bits 4 
and 5 in the color code (the OUT pin output contents) are 
ignored, and the border output is output from the OUT pin. 



The border can be set in block units by the blank control 
registers (addresses 00DA 16 -to 00DC 16 ) . The relationship 
between the settings of the blank control registers and the 
border function are listed in Table 8, and the structure of 
the blank control registers is shown in Fig. 42. 



Table 8. Corresponding between the blank control register value and border function 



Blank control register 


Function 


Output example 


BLn1 


BLnO 


X 


0 


Normal 


R, G, B, I output TT 

OUT output n 


0 


1 


Border including character 


R, G, B, 1 output TT 

OUT output -J L- 


1 


1 


Border excluding character 


r, G, B, i output r~i 

OUT output -TUT- 



X : 1 or 0 



Blank control register 
Blank control register 1 

: BL1 (adress 00DA 16 ) 
Blank control register 2 

: BL2 (adress 00DB 16 ) 
Blank control register 3 

: BL3 (adress 00DC 16 ) 

Drder type 

) ' same as the R, G, B, and I outputs 
I : Border output including character 
I : Output of border alone 

pin output 

: No character background 

coloring output 
: Character background coloring 

output 

pin output 

' No character background 

coloring output 
: Character background coloring output 

pin output 

: No character background 
coloring output 

Character background coloring output 




' I pin output 

0 I No character background 

coloring output 

1 : Character background coloring output 

Note '. X means 0 or 1 
Fig. 42 Structure of blank control registers 
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(a) When vertical character size is not 1 dot = 1/2 scanning line width, borders avobe the 

uppermost dots and borders below the lowermost dots of the character font are not displayed 



16 dots 



20 dots <( 
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I 
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: Character dots 
Border dots 



(b) When vertical character size is 1 dot = 1/2 scanning line width, borders avobe and below the 
uppermost dots and borders below the lowermost dots of the character font are not displayed 

16 dots 



20 dots < 
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Fig. 43 Notice of border function 
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(9) Character Background Color Function 

The character background of the 16X20 or 12X20 area of 
a character (the blank part) , excluding the character part 
itself, or character border part can be colored. The back- 
ground color can be selected from 16 colors set by bits 2, 
3, 4, and 5 of the blank control register. Since a back- 
ground color can be set for each block, up to 15 back- 
ground colors can be set for a screen when multi-line dis- 
play is used. 



Six character display types with background colors can be 
selected by combining bits 4 and 5 of the display memory 
color code with bits 0 and 1 of the blank control register. 



Table 9. Display types 



Display memory 
color code 


Blank control 
register 


OUT signal 
background 
coloring signal 


Example of output signal 


Example of 
character 


BL2 


BL1 


BLn1 


BLnO 


X 


0 


X 


0 


No OUT signal 

No background 
coloring signal 


R, G, B, and I | | 

for character 

OUT 

R, G, B, and I 

for background 


ft 


0 


1 


X 


0 


OUT signal same 
as R, G, B, and I 

No background 
coloring signal 


R, G, B, and I | | 
for character 

out n 

R, G, B, and I 

for background 








X 


X 


0 


1 


Border including 
character 

Border coloring 
signal 


R, G, B, and I | | 
for character 

0 UT I I 

R, G, B, and I . . . . 

for background 1 I — I I 








X 


X 


1 


1 


Border-only 
output 

Border coloring 
signal 


R, G, B, and I | ] 
for character ^ 

R, G, B, and I . — . . — . 

for background 1 I — I I 




1 


1 


1 


0 


Blank output 

Background 
coloring (Note 1 ) 


R, G, B, and I 

for character 

OUT _ 

R, G, B, and I 

for background — 


n_ 

Character width 


L 




y 




1 ' 


1 


0 


0 


Blank output 

Background coloring 
with border (Note 1, 2) 


R, G, B, and I 

for character 

OUT __ 

R, G, B, and I 

for background — 


n 

Character width 

i r 


_ 




ii 





Note 1 : If there are no character R, G, B, and I outputs, the background R, G, B, and I signals become the same as the OUT output 
2 : When the characters (© and(3) in Figure 44) have the dots which are displayed adjoining a character ((D in Figure 44) 
whose display type is the background coloring with border, the border of the adjoined characters (CD and (D in Figure 44), 
bear no relation to the display type; are displayed in the background area ((2) in Figure 44) 

n I 1 to 3 

X : 0 or 1 
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(D 




Background coloring Background coloring 
character with border character with border 



No background 
coloring character 



Fig. 44 Notice of character background color function 

(10) Mixing Function 

Color signals (MXR, MXG, MXB, MXI, and MXOUT) input 
from outside and color signals (R, G, B, I, and OUT) gener- 
ated internally can be ORed and output as a mixed signal. 
The mixing control register (address 00E5 16 ) can be used 
to turn on and off the mixing of the external and internal 
color signals, and also to specify which of the two signals 
has priority when they are combined. 
The I pin can be switched to output an overlapped signal 
indicating the parts of the external color signals (MXR, 
MXG, MXB, MXI, and MXOUT) and internal color signals 
(R, G, B, I, and OUT) that are overlapped. 
The MXB and MXI pins can also be used as external input 
pins for timer 2 and timer 3. 

Examples of displays generated with an internal color sig- 
nal for the letter "I" and an external color signal for the let- 
ter "O" are shown in Figure 46. 



Mixing circuit control register 
(address 00E5 16 ) 

- Mixing output control bits 

00 .* No internal or external 

color signal output 

01 '. Internal color signal output 

10 : External color signal output 

1 1 .' Mixed internal and external 

color signal output 



- Overlapped part control bits 

00 ' No priority given to internal 

and external color signals 
of overlapped part 

01 ' External color signal of 

overlapped part has priority 

10 ' Internal color signal of 

overlapped part has priority 

11 : No internal or external color 

signal output for overlapped part 



• I pin color signal/overlap signal 
switching bit 

0 : Color signal output 

1 : Overlap signal output 



- OSC oscillation circuit switching bits 
0XX : RC oscillation circuit 
10X : LC oscillation circuit 



Note '. X means 1 or 0 



Fig. 45 Structure of mixing control register 



urn 



Display when neither external nor 
internal color signal has priority 



Display internal color signal has 
priority 



Display when external color 
signal has priority 



Fig. 46 Examples of display provided by mixing function 
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(11) CRT Output Pin Control 

The CRT output pins R, G, B, I, and OUT and the sync- 
generator output pin CSYN can also function as ports P4 0 , 
P4i, P4 2. P4 3l P4 4 , and P4 5 . Clear the corresponding bit of 
the port P4 mode register (address 00C9 16 ) to "0" to spe- 
cify that pin as CRT output pin, or set it to "1" to specify it 
as an ordinary port P4 pin. 
The input active edges of the Hsync> Vsynci 

MXR, MXG, 

MXB, MXI, and MXOUT signals can be specified with the 
bits of the CRT input polarity register (address 00E8 16 ) , 
and the output active edges of the R, G, B, I, and OUT sig- 
nals can be specified with the bits of the CRT output polar- 
ity register (address 00EC 16 ) . Clear a bit to "0" to specify 
positive active edge; set it to "1" to specify negative active 
edge. The structure of the CRT output polarity register is 
shown in Fig. 48 and that of the CRT input polarity register 
is shown in Fig. 49. 

(12) Raster Coloring Function 

An entire screen (raster) can be colored by setting the up- 
per 5 bits of the CRT output polarity register. Since each of 
the R, G, B, and I pins can be switched to raster coloring 
output, 16 raster colors can be obtained. 
If the OUT pin has been set to raster coloring output, a ras- 
ter coloring signal is always output during the horizontal 
scanning period. This setting is necessary for erasing a 
background TV image. 

If the R, G, B, and I pins have been set to raster coloring 
output, a raster coloring signal is output during the horizon- 
tal scanning period whenever there is no other color char- 
acter output. This ensures that character colors do not mix 
with the raster color. 

An example in which a magenta letter "I" and a red letter 
"O" are displayed with blue raster coloring is shown in Fig. 
47. 




] CRT output polarity register 
(address 00ECi 6 ) 

R/G/B output active edge bit 

0 ' Positive active edge output 

1 : Negative active edge output 

- I output active edge bit 

0 .' Positive active edge output 

1 : Negative active edge output 

- OUT output active edge bit 

0 Positive active edge output 

1 '. Negative active edge output 

- R output switching bit 

0 : R output 

1 .' Raster coloring output 

- G output switching bit 

0 : G output 

1 '. Raster coloring output 

- B output switching bit 

0 : B output 

1 ' Raster coloring output 

• I output switching bit 

0 : I output 

1 ' Raster coloring output 

- OUT output switching bit 

0 : OUT output 

1 : Raster coloring output 



Fig. 48 Structure of CRT output polarity register 



i CRT input polarity register 
' (address 00E8 16 ) 

- H SY Nc input active edge bit 

- Vsync m put active edge bit 

- MXR/MXG/MXB input active edge bit 

- MXI input active edge bit 

- MXOUT input active edge bit 

- INT input active edge bit 

- Test bits : set to "00" 

0 Positive active edge input 

1 : Negative active edge input 



Fig. 47 Example of raster coloring 



Fig. 49 Structure of CRT input polarity register 
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(13) Wipe Function 

© Wipe mode 

The M37260M6-XXXSP allows the display area to be gra- 
dually expanded or shrunk in the vertically direction in units 



of 1H (H: Hsync signal). There are three modes for this 
wipe method. Each mode has Down and UP modes, provid- 
ing a total of six modes. 

Table 10 shows the contents of each wipe mode. 



Table 10. Wipe operation in each mode and the values of wipe mode register 



Mode 


Wipe operation 


Wipe mode register 


Bit 2 


Bit 1 


BitO 


1 


Down 


Appear from 
upper side 




A B C D E F 
G H 1 J K L 
M N O P Q R 


Do 

ON 

OFF i 


wn U 

I 


P 


0 


0 


1 


UP 


Erase from 
lower side 


1 


0 


1 


2 


Down 


Erase from 
upper side 




G H 1 J K L 
M N 0 P Q R 
S T U V W X 


Do 

OFF 
ON 


wn U 


P 


0 


1 


0 


UP 


Appear from 
lower side 


1 


1 


0 


3 


Down 


Erase from both 
upper and lower side 




G H 1 J K L 
M N O P Q R 


Down Up 

-t i 


0 


1 


1 


UP 


Appear to both 
upper and lower side 


1 


1 


1 



(D Wipe speed 

The wipe speed is determined by the vertical synchroniza- 
tion (V SYNC ) signal. For the NTSC interlace method, assum- 
ing that 

V=16.7ms 262.5 H SY nc signals per screen 



Table 11. Wipe speed (NTSC method with interlacing, 
H=262.5) 



Wipe resolution 


Wipe speed (in all picture) 


1 H unit 


16.7 (ms) X262.5-V- 1 = 4 (s) 


2 H unit 


16.7 (ms) X262.54- 2 = 2 (s) 


4 H unit 


16.7 (ms) X262.5^-4 = 1 (s) 



The wipe speed is shown in Table 11. 
Wipe resolution varies with each wipe mode. In mode 1 
and 2, one of three resolutions (1H, 2H, 4H) can be 
selected. In mode 3, wipe is done in units of 4H alone. 

Table 12. Wipe mode and wipe resolution 



Mode 


Wipe 
resolution 


Wipe speed 


Mode 1 
Mode 2 


1 H Unit 


about 4 second 


2 H Unit 


about 2 second 


4 H Unit 


about 1 second 


Mode 3 


4 H Unit 


about 1 second 
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Table 13. Relationship between wipe speed and wipe resolution 



Wipe resolution 


Wipe speed (full screen) 


NTSC method 


PAL method 


Bi-scan method (525H/flame) 


1H (2H) unit 


about 4 second 


about 6 second 


about 4 second 


2H (4H) unit 


about 2 second 


about 3 second 


about 2 second 


4H (8H) unit 


about 1 second 


about 1 .5 second 


about 1 second 



Note ' Values in parentheses refer to resolutions for bi-scan method. 

To perform a wipe with the bi-scan method, set bit 6 of the CRT control register to "1" 



II 



Wipe mode register 
(address 00ED 16 ) 

Mode selection bits 

00 : Wipe disable 

01 : Mode 1 

10 : Mode 2 

11 : Mode 3 

Direction mode selection bit 

0 '. Dqwn mode 

1 : UP mode 

Wipe unit selection bits 

00 : 1 H unit 

01 : 2H unit 
10 : 4H unit 

• Stop mode selection bits 

00 : Stop at the 31 2th H 

01 : Stop at the 156th H 

10 : Stop at the 256th H 

11 : Stop at the 128th H 



SYNC GENERATOR 

The sync generator can output a total of six synchronization 
signals NTSC method with interlacing, without interlacing, 
or bi-scan, and PAL method with interlacing, without inter- 
lacing, or bi-scan. Since the synchronization signal is output 
from the CSYN/P4 5 pin, set bit 5 of the port P4 mode regis- 
ter to "0". 

Activate the sync generator by clearing bit 7 of the sync 
generator control register to "0" and setting bit 4 to match 
the X| N clock frequency. 



Fig. 50 Structure of wipe mode register 



Sync generator control register 
(address 00E9 16 ) 



- Synchronization signal switching bits 

000 : NTSC with interlacing 

001 '. PAL with interlacing 

010 : NTSC without interlacing 

011 PAL without interlacing 

100 ." NTSC bi-scan 

101 .' PAL bi-scan 

1 10 '• Do not use 

111 : Do not use 



- Supplied synchronization signal 
switching bit 

0 : External input 

synchronization signal 

1 : Sync generator 

synchronization signal 

- X| N clock mode switching bit 

0 : X| N = 4HMz mode 

1 : Xin = 8HMz mode 

- CSYN pin output active edge 
switching bit 

0 : Negative active edge output 

1 ! Positive active edge output 

- Field identification flag active edge 

0 : Flag = 1 for odd-numbered field 

1 : Flag = 0 for odd-numbered field 

- Sync generator clock supply 

0 *. Clock supplied 

1 : Clock disabled 



Fig. 51 Structure of sync generator control register 
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RESET CIRCUIT 

The M37260M6-XXXSP is reset according to the sequence 
shown in Figure 53. It starts the program from the address 
formed by using the content of address FFFF 16 as the high 
order address and the content of the address FFFE 16 as the 
low order address, when the RESET pin is held at "L" level 
for no less than 2//s while the power voltage is 5V±10% 



and the crystal oscillator oscillation is stable and then re- 
turned to "H" level. The internal initializations following re- 
set are shown in Figure 54. 

An example of the reset circuit is shown in Figure 55. The 
reset input voltage must be kept below 0.6V until the supp- 
ly voltage surpasses 4.5V. 



«<x,n) JTj"L 



RESET 

Internal RESET 

SYNC 
Address 
Data 



.JIUUL 



Reset address from the vector table 



32768 count of f(X IN ) (Note 3) 



Note 1 : Frequency relation of f(X, N ) and <f> is f(X )N )=2 • <j>. 

2 : The mark " ? " means that the address is change- 

able depending on the previous state 

3 : Immediately after a reset, FF 16 is automatically set 

in timer 3 and 07 16 in timer 4 and timer 4, timer 3 
and the clock (f(X, N ) divided by 16) are con- 
nected in series 

Reset is canceled by the overflow signal of timer 
4 



Fig. 53 Timing diagram in reset 
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Address 


Contents of register 


(1) 


Port PO direction register 


0 0 C 1 16 


| 00,6 


j 


(2) 


Port P1 direction register 


0 0 C 3,6 


| 00,6 




(3) 


Port P2 direction register 


0 0 C 5 16 


OO16 


=J 


(4) 


Port P3 direction register 


0 0 C 7 16 


|x|x| 0 | 0 | 0 | 0 | 0 | 


0 


(5) 


Port P4 mode register 


0 0 C 9 16 


I 00, 6 


J 


(6) 


Serial I/O mode register 1 


0 0 C D 16 


OO16 


J 


(7) 


Serial I/O mode register 2 


0 0CE 16 


X X X 0 0 0 0 


0 


(8) 


Character size register 1 


0 0 D 7 16 


X 


J 


(9) 


Character size register 2 


0 0 D 8 , 6 • 


X 


J 


(10) 


Character size register 3 


0 0 D 9, 6 


X 


J 


(11) 


Blank control register 1 


0 0 DA, 6 


XX 


H 


(12) 


Blank control register 2 


0 0 D B 16 


XX 


J 


(13) 


Blank control register 3 


0 0 DC 16 


{= 


J 


(14) 


Block 1 interrupt occurrence 


0 0 D D 16 


XXX 




(15) 


Block 2 interrupt occurrence 


0 0 D E 16 


•XXX 


I 


(16) 


Block 3 interrupt occurrence 
position control register 


0 0 D F 16 


XXX 




(17) 


Horizontal position register 


0 0 E 0 16 


I 00 16 




(18) 


Vertical position register 4 


0 0 E 4 16 


Ivlvl I I I I 

l x l x l I II I 


H 


(19) 


Mixing circuit control register 


0 0 E 5 16 


| 00,6 




(20) 


CRT input polarity register 


0 0 E 8 16 


00,6 


n 


(21) 


Sync generator control register 


0 0 E 9, 6 


00, 6 




(22) 


CRT control register 


0 0 E A 16 


I 00,6 


n 


(23) 


Display block counter 


0 0 E B , 6 • 


|x| 0 | 0 | 0 | 0 | 0 | 0 


i 

0 


(24) 


CRT output polarity register 


0 0 E C 16 


00,6 


A 


(25) 


Wipe mode register 


0 0 E D 16 


x|o|o|oo|oo 


0 


(26) 


Timer 1 


0 0 F 0 16 


•| FFie 


H 


(27) 


Timer 2 


0 0 F 1 16 


07,6 




(28) 


Timer 3 


0 0 F 2 ,6 • 


FF 16 




(29) 


Timer 4 


0 0 F 3 16 


07i 6 




(30) 


Timer 12 mode register 


0 0 F 4,6 • 


xxxoooo 


0 


(3D 


Timer 34 mode register 


0 0 F 5 16 


xxxoooo 


0 


(32) 


Special mode register 1 


0 0 F 7, 6 • 


o|o|o|x|x|x 0 


0 


(33) 


Special mode register 2 


0 0 F 8 ,6 


• X 0 0 0 0 0 0 


0 


(34) 


CPU mode register 


0 0 F B 16 


| 1 | 1 | 1 | 0 | 1 | 1 | 0 


0 


(35) 


Interrupt request register 1 


0 0 FC, 6 


| X | X ] 0 | 0 | 0 0 0 


0 


(36) 


Interrupt request register 2 


0 0 F D , 6 


x|x|x|x|x 0 0 


0 


(37) 


Interrupt control register 1 


0 0 F E, 6 


|x x|o | 0 | 0 0 0 


0 


(38) 


Interrupt control register 2 


0 0 F F, 6 


X X X X X 0 | 0 


0 


(39) 


Processor status register 




I I I I I 1 1 1 




(40) 


Program counter 


P c H 


Contents of address 
[ FFFF 16 








P C L 


I Contents of address 
I FFFE, 6 




Note ' Since the contents of both registers other than those listed 

above and the RAM are undefined at reset, it is necessary to 
set initial values 

At reset, "0" is read from the bits marked X 



Supply voltage OV ■ 



RESET input 

voltage 0V 




1 



52 



M51953AL 



23 



0.1/iF 



26 



RESET 



M37260M6-XXXSP 



Fig. 55 Example of reset circuit 



Fig. 54 Internal state of microcomputer at reset 
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I/O PORTS 

(1) PortPO 

Port PO is an 8-bit I/O port with CMOS output. 
As shown in the memory map (Figure 3), port PO can 
be accessed at zero page memory address 00C0 16 . 
Port PO has a direction register (address 00C1 16 ) 
which can be used to program each individual bit as 
input ("0") or as output ("1"). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 
Depending on the contents of the processor mode bits 
(bit 0 and bit 1 at address 00FB 16 ) , three different 
modes can be selected; single-chip mode, memory ex- 
pansion mode and microprocessor mode. 
In these modes it functions as address (A 7 to A 0 ) out- 
put port (excluding single-chip mode) For more de- 
tails, refer the processor mode information. 

(2) Port P1 

In single-chip mode, port P1 has the same function as 
port PO. In other modes, it functions as address (A 15 to 
A 8 ) output port. 

For more details, refer the processor mode information. 

(3) Port P2 

In single-chip mode, port P2 has the same function as 
port PO. In other modes, it functions as data (D 7 to D 0 ) 
input/output port. For more details, refer the processor 
modes information. 

(4) PortP3 

Port P3 is a 6-bit I/O port with function similar to port 
PO, but the output structure of P3 0 , P3 1 is CMOS output, 
and P3 2 -P3 5 is N-channel open drain. 
P3 2 is in common with the external input pin INT and 
the serial I/O input pin CS. 

When a serial I/O function is selected, P3 3 to P3 5 work 

as S RDY , S| N /S 0 ut, and S C lk pins. 

When a special serial I/O function is selected, P3 4 and 

P3 5 work as SDA and SCL pins. 

In microprocessor mode or memory expansion mode, 

P3 0 and P3^ work R/W output pin and SYNC output pin. 



(5) OSC1, OSC2 pins 

Clock input/ output pins for CRT display function. 

(6) Hsync. Vsync pins 

Hsync is a horizontal synchronizing signal input pin for 
CRT display. 

Vsync is a vertical synchronizing signal input pin for 
CRT display. 

(7) R, G, B, I, OUT pins 

This is a 5-bit output pin for CRT display and in com- 
mon with P4 0 -P4 4 . 

(8) CSYN pin 

CSYN pin outputs the composite sync signal by the 
sync generator. 

CSYN pin is in common with P4 5 . 

(9) MXR, MXG, MXB, MXI, MXOUT pins 

These are video signal input pins for mixing function. 
MXR, MXG, MXB, MXI, and MXOUT are in common 
with the input port P5 2) P5 3 , P5 4) P5 5 , P5 6 . MXB and 
MXI are also in common with the external clock input 
pins TIM2 and TIM3. 

(10) 0 pin 

The internal system clock (1/2 the frequency of the 
oscillator connected between the X| N and Xqut pins) is 
output from this pin. If an STP or WIT instruction is ex- 
ecuted, output stops after going "H". 
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Port PO, P1 , P2, P3 0 , P3 1 




Direction register 



Port latch 



■Q- N-channel open drain output 



~0 P ° rtS P3 2 t0 P3 5 

Note '. P3 2 may also be used as ex- 
ternal interrupt input, and P3 3 
to P3 5 may also be used as 
serial I/O pins 



Hsync. Vsync. MXR, MXG, 
MXB, MXI, MXOUT 



4>, R, G, B, I, OUT, CSYN 



— (^) Hsync. Vsync. 
MXR, MXG, MXB, 
MXI, MXOUT 



Data bus - 



• Hsync. Vsync. MXR, MXG, 
MXB, MXI, MXOUT pins may 
also be used as input port 
P5 0 to P5 6 



U 



CMOS output 



1 



"O & R . G > B > >> 0UT . CSYN 



Note : R, G, B, I, OUT, CSYN pins 
may also be used as output 
port P4 0 to P4 5 



Fig. 56 Ports PO to P3, H SY nc. V SY nc. MXR, MXG, MXB, MXI, MXOUT, <p, R, G, B, I, OUT and CSYN pin block 
diagram 
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PROCESSOR MODE 

By changing the contents of the processor mode bits (bits 
0 and 1 at address 00FB 16 ), three different operation mod- 
es can be selected; single-chip mode, memory expansion 
mode, and microprocessor mode. 

In the memory expansion mode and the microprocessor 
mode , ports PO to P3 can be used as address, and data in- 
put/output pins. 

Figure 60 shows the functions of ports PO to P3. 
The memory map for the single-chip mode is shown in Fi- 
gure 2 and for other modes, in Figure 57. 
By connecting CNV SS to V ss , all three modes can be 
selected through software by changing the processor mode 
bits. Connecting CNV SS to V cc automatically forces the 



microprocessor mode. 

The three different modes are explained as follows: 

(1) Single-chip mode [00] 

The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNV SS is con- 
nected to V ss - Ports P0-P3 will work as I/O ports. 

(2) Memory expansion mode (01) 

The microcomputer will be placed in the memory ex- 
pansion mode after connecting CNV SS to V ss and the 
processor mode bits are set to "01". This mode is used 
to add external memory when the internal memory is 
not sufficient. 

In this mode, port P0 and port P1 are as a system 

address bus and its I/O pin function is lost. 

Port P2 becomes the data bus of D 7 to D 0 (including 

instruction code) and loses its I/O port function. Port 

P3 0 and P3^ works as R/W output pin and SYNC output 

pin. 

(3) Microprocessor mode [10] 

The microcomputer will be placed in the microp- 
rocessor mode after connecting CNV SS to V cc and in- 
itiating a reset or connecting CNV SS to V ss and proces- 
sor mode bits are set to "10". In this mode, the internal 
ROM is inhibited so the external memory is required 
Other functions are same as the memory expansion 
mode. The relationship between the input level of 
CNVss and the processor mode is shown in Table 14. 

Note 1 : Use the M37260M6-XXXSP in the microprocessor 
mode or the memory expansion mode only at 
program development. 

The standard is assured only in the single-chip 
mode. 

2 I The display ROM cannot be placed on the exter- 
nal memory area. 



ffff 1( 



Internal ROM 




0180i 6 



01 00! 
OOCd 



0000 1e 



Internal RAM 



SFR 



Internal RAM 



Memory expansion 
mode 



Internal RAM 



Internal RAM 



Microprocessor mode 
The shaded area is external memory area 



Fig. 57 External memory area at each processor mode 
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CM, 


0 


0 


i 


CM 0 


0 


1 


0 


\Mode 
Port \ 


Single-chip 
mode 


Memory expansion 
mode 


Microprocessor 
mode 


Port PO 


ti i r 

Ports P0 7 to P0 0 


d 1 r 

Ports P0 7 to P0 0 


Same as left 


I/O port 


""^ Addresses 
A A 7 to A 0 A 


Port P1 


'J I l 

Ports P1 7 to P1 0 


J 1 l 

Ports P1 7 to P1 0 


Same as left 


I/O port 


Y Addresses y 
A A 15 toA 8 A 






Port P2 


a i r 

11 L. 1 

Ports P2 7 to P2 0 
I/O port 


a i r 

U 1 1 

Ports P2 7 to P2 0 

"\ J Data \_ 

/" \ D 7 toDo/"~ 


Same as left 


Port P3 


J 1 1 

Ports P35 to P32 


J l l 

Ports P3 5 to P3 2 


Same as left 


}( I/O port 


I/O port 


Port P3, 


Port P3i 


I/O port 


!X sync XC 


Port P3 0 


Port P3 0 


I/O port 


"X r ^ T 







Fig. 58 Processor mode and function of ports PO to P3 (CM 1f CM 0 • bit 1 and bit 0 of CPU mode register) 



Table 14. Relationship between CNV S s pin input level and processor mode 



CNV SS 


Mode 


Explanation 


Vss 

\ 


^ Single-chip mode 

• Memory expansion mode 

• Microprocessor mode 


The single-chip mode is set by the reset. All modes can be selected by changing the pro- 
cessor mode bit with the program. 


Vcc 


• Microprocessor mode 


The microprocessor mode is set by the reset 
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Data-set timing of CPU mode register 

The value of bit 0 and bit 1 in the CPU mode register is set 
at the second rising edge of the SYNC signal after the writ- 
ing instruction is executed. 

However the value of bit 2 and bit 3 is set at the first rising 
edge of the SYNC signal, just as in the other registers. 



CPU mode register 
(address 00FB 16 ) 

- Processor mode bits 

00 : Single-chip mode 

01 ' Memory expansion mode 

10 : Microprocessor mode 

11 : Disable 

- Stack page selection bit 

0 : In page 0 area 

1 : In page 1 area 

System clock output selection bit 

0 : Stop (reset-out) 

1 : System clock output 



Fig. 59 Structure of CPU mode register 



Instruction ( Write instruction to CPU mode register 



X 



Bits 2 and 3 



Bits 0 and 1 



X 



Old data 



Next instruction 



X 



The next instruction 



Up to data data 



X 



Up to data data 



Fig. 60 Data-set timing of CPU mode register 
Table 15. The value of CPU mode register at reset 



CNVss P'n 


b7 


CPU mode register 




bO 


V ss 


1 


1 


1 


0 


1 


1 


0 


0 


Vcc 


1 


1 


1 


0 


1 


1 


1 


0 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
63. 

When an STP instruction is executed, the internal clock <f> 
stops oscillating at "H" level. At the same time, timer 3 and 
timer 4 are connected automatically and FF 16 is set in the 
timer 3, 01 16 is set in the timer 4, and timer 3 count source 
is forced to f(X )N ) divided by 16. This connection is cleared 
when an external interrupt is accepted or the reset is in, as 
discussed in the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the internal clock <t> keeps its "H" level until timer 
4 overflows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 
When the WIT instruction is executed, the internal clock <f> 
stops in the "H" level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 

To return from the stop or the wait status, the interrupt en- 
able bit must be set to "1" before executing STP or WIT in- 
struction. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 61. 



The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock usage is shown in Figure 62 
X| N is the input, and Xqut is open. 



M37260M6-XXXSP 

Xin Xqut 



24 



1 MCI 1 25 
-wv- 

Rd 



±C, H 4MHz -o- Co 
7fT 17T 



Fig. 61 External ceramic resonator circuit 



M37260M6-XXXSP 


X 


IN 


24 





External oscillating 
circuit 



:uuu 



Fig. 62 External clock input circuit 



Interrupt request - 



Interrupt _J 
disable flag I 




Reset 



STP instruction ~ 



WIT 

instruction 



S Q 



Q S 



R — STP instruction 



1/2 



t> 



Internal clock <f> 



1/8 



T34M 0 



Timer 3 



Timer 4 



O O 

X|N XoUT 

T34M 0 , T34M 2 bitO and bit2 of timer34 mode register 



T34M 2 



Fig. 63 Block diagram of clock generating circuit 



2-350 



AMITSUBISt 
ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M37260M6-XXXSP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for ON-SCREEN DISPLAY 



DISPLAY OSCILLATION CIRCUIT 

The CRT display clock oscillation circuit has built-in RC 
and LC oscillation circuits, so that a clock can be obtained 
simply by connecting an RC or LC circuit between the 
OSC1 and OSC2 pins. 

Select the RC or LC oscillation circuit by setting bits 6 and 
7 of the mixing control register (see the structure of the 
mixing control register in Figure 45). 



OSC1 



OSC2 



| 1ST j~ 

T T 



Example of oscillation 
(reference values) 

C1 = 5pF 
C2 = 5pF 
Lf =9a^H 

f CRT % 14MHz 



Fig. 64 Display oscillation circuit 

AUTO CLAER CIRCUIT 

When power is supplied, the auto-clear function can be 
performed by connecting the following circuit to reset pin. 



PROGRAMMING NOTES 

(1 ) The frequency ratio of the timer is 1 /( n+1 ) . 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program) , those instruction are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as an NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) After the ADC and SBC instructions are executed 
(indecimal mode) , one instruction cycle (such as an 
NOP) is needed before the SEC, CLC, or CLD instruc- 
tions are executed. 

(4) An NOP instruction must be used after the execution of 
a PLP insturction. 

(5) In order to avoid noise and latch-up, connect a bypass 
capacitor (^0.1/^F) directly between the V C c pin and 
V ss pin using a heavy wire. 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1) mask ROM order confirmation from 

(2) mark specification from 

(3) ROM data EPROM 3 sets 



Circuit example 1 




RESET 




RESET 



Note : Make the level change from "L" to "H" at the point at 
which the power voltage exceeds the rated voltage 



Fig. 65 Auto clear circuit example 



2-351 



MITSUBISHI MICROCOMPUTERS 

M37260M6-XXXSP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for ON-SCREEN DISPLAY 



ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V CC 


Supply voltage 


With respect to V S s 

Output transistors are at "off" state 


—0. 3 to 6 


V 


v, 


Input voltage CNV S s 


—0. 3 to 6 


V 


V| 


Input voltage P0 0 — P0 7 , P1 0 — PI7, P2 0 — P2 7 , 

P3 0 -P3 5 , MXR, MXG, MXB, MXI, 
MXOUT, Hsync, Vsync, RESET 


—0. 3 to Vcc+0. 3 


V 


V 0 


Output voltage P0 0 — P0 7 , P1o _ PI7. P2 0 -P2 7 , 

P3 0 -P3 5l R, G, B, I, OUT, CSYN, 
Xout, OSC2 


—0. 3 to Vcc+0. 3 


V 


•oh 


Circuit current R, G, B, I, OUT, CSYN, P0 0 -P0 7 , 
PI0-PI7. P2 0 -P2 7 , P3 0> P3i 




0 to 1 (Note 1 ) 


mA 


'oL1 


Circuit current R, G, B, I, OUT, CSYN, P0 0 -P0 7 , 
P1 0 -P1 7> P2 0 -P2 7 , P3 0 -P3 5 




0 to 2(Note 2) 


mA 


Pd 


Power dissipation 


T a =25°C 


550 


mW 


Topr 


Operating temperature 




-10 to 70 


°C 


T stg 


Storage temperature 




-40 to 125 


°C 



RECOMMENDED OPERATING CONDITIONS (T a =-10 to 70°C, V CC =5V±10% unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage(Note 3) During the CPU and CRT operation 


4.5 


5.0 


5.5 


V 


V SS 


Supply voltage 


0 


0 


0 


V 


V,H 


"H" input voltage P0 0 -P0 7l P1 0 — PI7. P2 0 -P2 7 , 
P3 0 -P3 3 , Hsync, V S ync. MXR, 
MXG, MXB, MXI, MXOUT, 
RESET, X|n, OSC1 


0. 8V CC 




Vcc 


V 


V, H 


"H" input voltage P3 4 , P3 5 


0. 7V CC 




Vcc 


V 


V.li 


"L" input voltage P0 0 -P0 7 , PI0-PI7. P2o~P2 7 , 
P3 0> P3 1t P3 3 , MXR, MXG, 
MXOUT 


0 




0. 4V CC 


V 


v, L2 


"L" input voltage P3 2 , P3 4 , P3 5 , Hsync V SY nc- 

RESET, Xin, OSC1, MXB, MXI 


0 




0. 2V CC 


V 


'OH 


"H" average output current (Note 1 ) R, G, B, 1, OUT, 
CSYN, P0 0 -P0 7 , PI0-PI7. 
P2 0 -P2 7 , P3 0 , P3i 






1 


mA 


l0L 


"L" average output current (Note' 2) R, G, B, I, OUT, 
CSYN, P0 0 -P0 7 , PI0-PI7 
P2 0 -P2 7 , P3 0 -P3 5 






2 


mA 


fcpu 


Oscillating frequency (for CPU operation) (Note 4) 


3.6 


4.0 


8. 1 


MHz 


fcRT 


Oscillating frequency (for CRT display) 


12.0 


14.0 


16.0 


MHz 


fhs 


Input frequency INT, TIM2, TIM3, SCL 






100 


kHz 


fhs 


Input frequency Sclk 






1 


MHz 



Note 1 : The total current that flows out of the IC should be 20mA (max ) 

2 : The total current shold be 30mA (max ) 

3 : Apply 0.022/uF or greater capacitance externally between the V cc -V ss power supply pins so as 

to reduce power source noise 

Also apply 0. 068^ F or greater capacitance externally between the V cc — CNV SS pins 

4 : Use a quartz crystal oscillator or a ceramic resonator for the CPU oscillation circuit 
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for ON-SCREEN DISPLAY 



ELECTRIC CHARACTERISTICS (V CC =5V±10%, V ss =0V, f(X 1N ) =4MHz, T a =-10 to 701C unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 




Ice 


Supply current 


CRT OFF 




10 


20 


mA 


V cc =5. 5V, f(X IN )=4MHz 
CRT ON 




20 


50 


At stop mode 






300 




VqH 


"H" output voltage P0 0 — P0 7 , P1 0 — PI7. P2 0 — P2 7 , 
P3 0 , P3i, R, G, B, 1, OUT, CSYN 


V cc =4. 5V 
Ioh =— 0. 5mA 


2.4 






V 


Vol 


"L" output voltage POo — PO7, P1o — P17> P2<) — P2 7l 

P3 0 -P3 3 , R, G, B, I, OUT, CSYN 


V cc =4. 5V 
Iol— 0- 5mA 






0.4 


V 


"L" output voltage P3 4 , P3 5 


Vcc=4. 5V 
Iol— 3mA 






0. 4 


V t +-V t - 


Hysteresis RESET 


V cc =5. OV 




0.5 


0.7 


V 


Hysteresis (Note 1 ) H S ync. V SY nc. P3 2 , P3 4 , P3 5 , 
MXB, MXI 


V cc =5. OV 




0.5 


1.3 


'OZH 


"H" input leak current RESET, P0 0 — PO7, P1 0 — PI7, 
P2 0 -P2 7> P3 0 -P3 5 , Hsync. 
Vsync, MXR, MXG, MXB, MXI, 
MXOUT 


V cc =5. 5V 
V 0 =5. 5V 






5 


juA 


'OZL 


"L" input leak current RESET, P0 0 — P0 7 , P1 0 — PI7. 

P2o P27, P3o P35, Hsync. 
Vsync. MXR, MXG, MXB, MXI, 
MXOUT 


V cc =5. 5V 
V o =0V 






5 


juA 



Note 1 . P3 2 , MXB, MXI have the hysteresis when these pins are used as interrupt input pins or timer input pins. 
P3 4 , P3 5 have the hysteresis when these pins are used as serial I/O and special serial I/O ports. 
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DESCRIPTION 

The M371 02E8-XXXSP/FP is a single-chip microcomputer 
designed with CMOS silicon gate technology. It is housed 
in a 64-pin shrink plastic molded DIP or an 80-pin plastic 
molded QFP. The features of this chip are similar to those 
of the M371 02M8-XXXSP/FP except that this chip has a 
16384 bytes PROM built in. This single-chip microcomputer 
is useful for the high-tech channel selection system for TVs. 
In addition to its simple instruction sets, the PROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose PROM 
writers can be used for the built-in PROM, this chip is suit- 
able for small quantity production runs. 
The differences between the M37102E8-XXXSP and the 
M37201 E6-XXXSP are noted below. The following explana- 
tions apply to the M37102E8-XXXSP 
Specification variations for other chips are noted accor- 
dingly. 



Type name 


ROM size 


RAM size 


M37102E8-XXXSP 


16384 bytes 


320 bytes 


M37201 E6-XXXSP 


24576 bytes 


384 bytes 



FEATURES 

• Number of basic instructions 69 

• Memory size PROM •• 16384 bytes ( M371 02E8-XXXSP/FP) 

24576 bytes ( M37201 E6-XXXSP) 
RAM • 320 bytes ( M371 02E8-XXXSP/FP) 
384 bytes ( M37201 E6-XXXSP) 

• Instruction execution time 

1yt/s (minimum instructions at 4MHz frequency) 

• Single power supply 5V±10% 

• Power dissipation 

normal operation mode (at 4MHz frequency) 
110mW (V CC =5.5V, CRT display) 

• Subroutine nesting 96 levels (Max.) 

• Interrupt 13types, 13vectors 

• 8-bit timer 4 

• Programmable I/O ports 

(Ports P0, P1, P2, P3, P4, P6) 47 

• Output port ( Port P5) 5 

• Serial I/O (8-bit) 2 

• PWM function •••••••• 14-bitX1 

8-bitXlO 

• A-D converter (4-bit resolution) 2 channels 

• 72-character on screen display function 

Number of character 24 charactersX3 lines 

Kinds of character 126 

• PROM (equivalent to the M5L27256) 

Program voltage 1 2.5V 



PIN CONFIGURATION (TOP VIEW) 



Oscillation input for 
display OSC1 - 

Oscillation output for «««« ^ 
display uo ° 

f P3 6 /INT 2 /A-D2 < 



I/O port 
P3 



I/O port P6 



P3 5 /A-D1 « 
P34/INT! « 
4-bit PWM output D-A « 
P6 0 /PWM0 «• 
PSi/PWrVH * 
P6 2 /PWM2 «• 
P6 3 /PWM3 « 
P6 4 /PWM4 «• 
P6 5 /PWM5 * 
P6 6 /PWM6 * 
P6 7 /PWM7 * 
P3 3 /TIM3- 
P3 2 /TIM2 + 
P3^ 

_ P3 °* 
P4 7 /S RDY2 /PWM8 « 

P4 6 /S, N2 /PWM9 « 

P4s/ScLK2 "* 
P4 4 /SoUT2 "* 
P43/S RDY 1 

P4 2 /S, N1 * 

PVScLKI * 

P4 0 /Souti * 
CNVss 
Timing output <f> ■*■ 

Reset input RESET - 
Clock input x, N - 

Clock output v 

A OUT 

Vss 



I/O port P3 



I/O 
port 
P4 




I/O port P1 



^ p2 \ I/O port P2 



Outline 64P4B 



APPLICATION 

TV 
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M37102E8-XXXSP BLOCK DIAGRAM 



Clock Clock Timing 
input output output 



Reset 
input 

RESET 

"V 



V cc V ss CNV SS 

_ @) @ @ 



Clock generating 
circuit 



Data bus 



Note 2 



RAM 

320bytes 



Pro< 
cou 
PC 


jram 
nter 
h(8) 


Program 
counter 

PC L (8) 




: : 



PROM 
16384bytes 



Control signal 




W 



Timer count source 
selection circuit 



Timer 1 

T1 (8) 



II 



14-bit 
PWM circuit 



Vsync Hsync OSC1 OSC2 

-@ — O— ®— 



I/O port PO 



I/O port PI 



I/O port P2 



I/O port P3 



I/O port P4 



I/O port P6 



Output port P5 



Note 1 24576 bytes for M37201 E6-XXXSP 
2 • 384 bytes for M37201 E6-XXXSP 
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FUNCTIONS OF M371 02E8-XXXSP/FP, M37201 E6-XXXSP 



Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


1/iS (minimum instructions, at 4MHz frequency) 


Clock frequency 


4MHz 


Memory size 


M37102E8-XXXSP/FP 


ROM 


16384 bytes 


RAM 


320 bytes 


M37201E6-XXXSP 


ROM 


24576 bytes 


RAM 


384 bytes 


Input/Output ports 


PO, P1, P2 


I/O 


8-bitX3 


P3 0 , P3t 


I/O 


2-bitXl 


P3 2 -P3 6 


I/O 


5-bitX1 (can be used as timer input pins, INT 1( INT 2 input pins and A-D 
input pins) 


P4 


I/O 


8-bitX1 (can be used as serial I/O function pins and PWM output pins) 


P5 


Output 


5-bitX1 (can be used as R, G, B, I, OUT pins) 


P6 


I/O 


8-bitX1 (can be used as PWM output pins) 


Serial I/O 


8-bitX2 (Special serial I/O (8-bit)X1 ) 


Timers 


8-bit timerX4 


Subroutine nesting 


96levels (max ) 


interrupt 


Two external interrupts, nine internal interrupts, 
one software interrupt 


Clock generating circuit 


Built-in circuit (externally connected ceramic or quartz crystal oscillator) 


Supply voltage 


5V±10% 


Power dissipation 


at CRT display ON 


110mW (clock frequency X, N =4MHz, V CC =5.5V, Typ ) 


at CRT display OFF 


55mW (clock frequency X, N =4MHz, V cc =5. 5V, Typ ) 


at stop mode 


1.65mW(Max ) 


Input/Output characteristics 


Input/Output voltage 


5V (Port P4 6 , P4 7 , P60-P67) 


Output current 


10mA (Port P2 4 -P2 7 ) 


Operating temperature range 


-10 to 70°C 


Device structure 


CMOS silicon gate process 


Package 


M37102E8-XXXSP, M37201 E6-XXXSP 


64-pin shrink plastic molded DIP 


M37102E8-XXXFP 


80-pin plastic molded QFP 


CRT display function 


Number of character 


24 charactersX3 lines 


Kinds of character 


126(12X16 dots) 
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PIN DESCRIPTION 



Pin 


Mode 


Name 


Input/ 
Output 


Functions 


Vcc, 
V SS 


Sincjis-chip 


Power supply 




Power supply inputs 5Vi10% (typ ) to Vcc> and OV to Vss 


trnv IVI 


Pnuior cunnlu innntc ^\/ nr ( writinn to hnilt-in PROM) tn anrl OV tr> 
ryWCI oU|J|Jiy lll|JULO OV, \JI UV ^WMUIiy IKJ UUIII-III rnwIViy IKJ VCCi a"»J UV IU vss 


CNVss 


Single-chip 


CNVss 


Input 


This is connected to V S s 


EPROM 


Vpp inputs when writing to built-in PROM or verify check of built-in PROM contents 


RESET 


Single-chip 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2^s 

( nn/Hor nnrmal \/^^ pnnHitirknc ) 
vuiivid iiuiiiicii "cc *-»uiiuiinji 10/ 

If more time is needed for the crystal oscillator to stabilize, this "L" condition should 

ha maintainor! fr\r the* romiirorl time* 
uu iiiaii iidii itsu iui uit? itJLjunt;u units 


EPROM 


Input "L" level 


X|N 


Si nQ I ©-chip 

/EPROM 






This chip hcis intornsl clock Q©n©r3tincj circuit To control cjonsrstincj fr©c|u©ncy, 
an external ceramic or a quartz crystal oscillator is connected between the X| N and 

V_ , ._ nine If an ovtornal r*lnr»lf ic iicoH tho olrv^U - crmrr^o chniilH ho rnnnootoH tho 

X tN pin and the X 0 ut pin should be left open 


XoUT 


Clock output 


Output 


<t> 


Single-chip 


Timing output 


Output 


This is the timing output pin and has the reset out signal output function 


EPROM 


This pin is setting to open 


P0 0 -P0 7 


Single-chip 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be indi- 
vidudlly procjrsmrriGd ss input or output At r©s©t this port is sot to input mod© Th© 
output structure is CMOS output. 


EPROM 


Address input 


Input 


Low-order 8-bit of address is input 


PI0-PI7 


Single-chip 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same function as port PO 


EPROM 


AHrlroQQ mm it 

nUUICoo lll|JUl 




HiQh~ord©r 8-bit of dddross is input 


P2 0 -P2 7 


Single-chip 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same function as port PO 


EPROM 


Data input/output 


8-bit data is input or output. 


P3 0 -P3 6 


Single-chip 


I/O port P3 


I/O 


Port P3 is a 7-bit I/O port and has basically the same function as port PO, but the 
output structure of P3 0 and P3^ is CMOS output and the output structure of P32-P3 6 
is N-channel open drain 

P32 and P33 are in common with external clock input pins of timer 2 and Timer 3 
P3^ and P3@ are in common with external interrupt input pins INT-i and INT2 P3s and 
P3 6 are in common with analog input pins of A-D converter (A-D1, A-D2) 


EPROM 


Mode input 


Input 


P3 0 and P3-| are the input pins as OE and CE P32 and P3 3 are connected to V C c 
P3^-P3g are connected to Vss 


P4 0 -P4 7 


Single-chip 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port and has basically the same functions as port PO, but the 
output structure is N-channel open dram When serial 1/01 is used, P4o, P4l P4 2 , 
and P4 3 work as Soun. S C lkl Sini and Srdyi pins, respectively 
When serial I/02 is used, P4 4 P4 5 , P4 6 , and P4 7 work as S 0 ut2, Sclk2. S| N2 and S RD Y2 
pins, respectively. 

Also P4 6) P4 7 are in common with PWM output pins of PWM8 and PWM 9 


EPROM 


Input port P4 


Input 


P4 0 -P4 6 are all connected to V S s, and P4 7 is connected to V C c 


OSC1 
OSC2 


Single-chip 


Clock I/O for CRT 
display 


I/O 


This is the I/O pins of the clock generating circuit for the CRT display function 


EPROM 


Output 


These pins are setting to open 
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PIN DESCRIPTION 



Pin 


Mode 


Name 


Input/ 
Output 


Functions 


HsYNC 


Single-chip 


Horizontal synchronous 
signal 


Input 


This is the horizontal synchronizing signal input for CRT display. 


EPROM 


This is connected to Vss 


VsYNC 


Single-chip 


Vertical synchronous 
signal 


Input 


This is the vertical synchronizing signal input for CRT display 


EPROM 


This is connected to Vss- 


R, G, B, 
1, OUT 


Single-chip 


Video signal 


Output 


This is a 5-bit output pin for CRT display. The output structure is CMOS output. This 
is in common with ports P5 2 -P5 6 


EPROM 


These pins are setting to open 


P6 0 -P6 7 


Single-chip 


I/O port P6 


I/O 


Port P6 is an 8-bit I/O port and has basically the same functions as port PO, but the 
output structure is N-channel open drain This port is in common with PWM output 
pins PWM 0- PWM 7 


EPROM 


Input port P6 


Input 


All pins are connected to V S s 


D-A 


Single-chip 


D-A output 


Output 


This is an output pin for 14-bit PWM 


EPROM 


This pin is setting to open 



A 
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EPROM MODE 

The M371 02E8-XXXSP/FP features an EPRO M mode in 
addition to its normal modes. When the RESET signal level 
is low ("L") and CNV SS /Vpp signal level is high ("H"), the 
chip automatically enters the EPROM mode. Table 1 list the 
correspondence between pins and Figure 1 to 3 give the 
pin connections in the EPROM mode. When in the EPROM 
mode, ports PO, P1, P2, P3 0 , P3i and CNV SS are used for 
the PROM (equivalent to the M5L27256) . When in this 
mode, the built-in PROM can be written to or read- from us- 
ing these pins in the same way as with the M5L27256. The 
oscillator should be connected to the X !N and 

Xout pins, or 
external clock should be connected to the Xin pin. 



Table 1. Pin function in EPROM mode 





M371 02E8-XXXSP/FP 


M5L27256 


Vcc 


Vcc 


Vcc 


Vpp 


GNVss 


Vpp 


V SS 


V ss 


V ss 


Address input 


Ports PO, P1 0 -P1 6 


A 0 -A 14 


Data I/O 


Port P2 


D 0 -D 7 


CE 


P3i 


CE 


OE 


P3 0 


OE 




ceramic 
oscillating 
circuit O - 



osci — \T 

OSC2<-[7 
— P3 6 /INT 2 /A-D2 ++ |T 

P3 5 /A-D1 **\7 

P34/INTT 

D-A<-[7 

P6 o /PWM0 [7 

Pe^PWMI 

P6 2 /PWM2 ++ [? 

P6 3 /PWM3 ++ (To 

P6 4 /PWM4 m 

P6 5 /PWM5 — 01 

P6 6 /PWM6 «*+ d 

P6 7 /PWM7 «- in 

P3 3 /TIM3**01 

P3 2 /TIM2^|]6 

P3,~Gz 

P3 0 **m 

■ P4 7 /S RDY2 /PWM8 ++ 01 
— P4 6 /S IN2 /PWM9 H 

P45/Sclk 2 **HI 

P4 4 /Sout 2 ~[1 

P4 3 /S RDY i^|l 

P4 2 /S, N1 ~|24 

P4i/Sclki**H 

P4 0 /Souti^[1 

CNVss HZ 

0 — E 

RESET — ► H| 

x, N — |S> 

~~ Xout *~ Hi 
— V ss H 



100pF 




Jumper switch 



777 V SS 



(3 : Same functions as M5L27256 

Fig. 1 Pin connection in EPROM mode 
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oscillating 
circuit 0~ 



OSC1 — E 
OSC2«-|T 

~P3 6 /INT 2 /A-D2~H 

P3 5 /A-D1 

P34/INT, 

D-A«-[T 
P6 o /PWM0 ** |T 

— pe^pwrvn ~G[ 

P6 2 /PWM2«~GE 

P6 3 /PWM3^[lO 

P6 4 /PWM4 «♦+ [IT 

P6 5 /PWM5**D1 

P6 6 /PWM6 ~ 01 

P6 7 /PWM7<~[l4 

P3 3 /TIM3**[T1 

P3 2 /TIM2^[l6 

-p^^m 
- P3 0 ^ni 



-P4 7 /S RDY2 /PWM8 +* 01 
— P4 6 /S, N2 /PWM9 H 

P4 5 /ScLK2~H 

-P4 4 /Sout2^H 

P4 3 /S RDY i^ll 

P4 2 /S IN1 ~|24 

P4i/S CLK i^|l 

P4o/S OUT i~[Ii 

CNVgs HZ 

lOOpF 0*-[28 
RESET H 

x, N -[I 

Xqut *~ Hi 
V ss 1 




frr v S5 



Q : s a me functions as M5L27256 



Fig. 2 Pin connection in EPROM mode 
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h Q H 

? < ? CVJ T- 

<r ^ ^ ° O 
7 co* co co O W CO 



z ^ Jp ip 
19- £ 9- o 



i CO W CO O CO CO $ O <~> w 5'n"U 

till 1 1 i 1 1 1 1 




NC 
NC 

P6 0 /PWM0 « 
PG^PWMI + 
P6 2 /PWM2 « 
P6 3 /PWM3 
P6 4 /PWM4 « 
P6 5 /PWM5 * 
P6 6 /PWM6 «• 
P6 7 /PWM7 « 
NC 
NC 
P3 3 /TIM3« 
P3 2 /TIM2 « 

P3,« 

— — P3o ^ 

P4 7 /S RDY2 /PWM8 « 
-P4 6 /S, N2 /PWM9 « 

P4s/S C LK2 "* 
P44/S0UT2 "* 

P4 3 /Srdyi "* 
P4 2 /S, N1 * 
P4i/S CL ki « 
P4q/Souti ■* 




|^|^|27j]^|^|30|^|^|34|^^^|38j^J|40| 
1 t t 1 I II II I 



sg nc 

H— l/P5 5 
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|] +» P0 3 
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i3^po 7 

i] NC 
U NC 
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iU^+p-h 

48]** P1 2 

£E**P1 3 

46j+*P1 4 

1]**P1 5 

44]«*P1 6 

i]**Pi7 

42] «-»• P2 0 

£]**P2 1 
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100pF 
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Same functions as M5L27256 



Fig. 3 Pin connection in EPROM mode 
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PROM READING, WRITING AND ERASING 
Reading 

To read the PROM, set the CE and OE pins to a "L" level, 
and supply OV to the RESET pin, 5V to the V cc pin and the 
CNV SS (V PP ) pin. Input the address of the data (A 0 -A 14 ) to 
be read and the data will be output to the I/O pins D 0 -D 7 . 
The data I/O pins will be floating when the OE pin is in the 
"H" state. 

Writing _ 

To write to the PROM, set the OE pin to an "H" level, and 
supply OV to the RESET pin, 6V to the V cc pin and 12.5V to 
the V PP pin. The CPU will enter the program mode when 
V PP is applied to the V PP pin. The address to be written to 
is selected with pins A 0 -A 14 , and the data to be written is 
input to pins D 0 -D 7 . Set the CE pin to a "L" level to begin 
writing. 



NOTES ON HANDLING 

(1 ) Since a high voltage is used to write data, care should 
be taken when turning on the PROM writer's power. 

(2) For the programmable microcomputer (shipped in 
blank or OTP type) , Mitsubishi does not perform 
PROM write test and screening in the assembly pro- 
cess and following process. To improve reliability after 
write, performing write and test according to the flow 
below before use is recommended. 

(3) In EPROM mode, address A 15 is set to "H" automati- 
cally. 



Writing with PROM writer 
Screening (Note) (Leave at 150°C for 40 hours) 
Verify test with PROM writer 

<J^. 

Function check in target device 



Note : Since the screening temperature is higher than 
storage temperature, never expose to 150°C ex- 
ceeding 100 hours. 



Table 2. I/O signal in each mode 



^ ~~ — Pin 












Mode """ ~-- — ______ 


CE 


OE 


v PP 


Vcc 


Data I/O 


Read-out 


V, L 


V, L 


5V 


5V 


Output 


Output disable 


V, L 


V, H 


5V 


5V 


Floating 


Programming 


V, L 


V, H 


12. 5V 


6V 


Input 


Programming verify 


V, H 


V, L 


12. 5V 


6V 


Output 


Program disable 


V 1H 


V, H 


12. 5V 


6V 


Floating 



Note 1 : V,l and V. H indicate a "L" and "H" input voltage, respectively 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s 

Output transistors are at "off" state 


—0. 3 to 6 


V 


v, 


Input voltage CNV S s 


—0. 3 to 6 


V 


v, 


Input voltage P0 0 -P0 7 , PI0-PI7. P2 0 -P2 7 , 
P3 0 -P3 6) P4 0 -P4 7 , P6 0 -P6 7l 
Hsync. Vsync. RESET 


—0. 3 to Vcc+0. 3 


V 


Vo 


Output voltage P0 0 -P0 7 , P1 0 -P1 7 , P2 0 -P2 7 , 
P3 0 -P3 6l P4 0 -P4 5l R, G, B, I, 
OUT, D-A, Xout, OSC2 


—0. 3 to Vcc+0. 3 


V 


V 0 


Output voltage P4 6 , P4 7) P6 0 -P6 7 




-0.3 to 13 


V 


'OH 


Circuit current R, G, B, I, OUT, P0 0 -P0 7 
P1 0 -P1 7j P2 0 -P2 3 , 
P3 0 , P3!, D-A 




0 to KNote 1) 


mA 


'0L1 


Circuit current R, G, B, I, OUT, P0 0 -P0 7 , 
P1 0 -P1 7 , P2 0 -P2 3 , 
P3 0 -P3 6 , P4 0 -P4 3 , D-A 




0 to 2( Note 2) 


mA 


'0L2 


Circuit current P6 0 -P6 7 , P4 6l P4 7 




0 to KNote 2) 


mA 


'0L3 


Circuit current P2 4 -P2 7 




0 to 10(Note 3) 


mA 


'oL4 


Circuit current P4 4 , P4 5 




0 to 3(Note 2) 


mA 


Pd 


Power dissipation 


T a =25°C 


550 


mW 


Topr 


Operating temperature 




-10 to 70 


°C 


Tstg 


Storage temperature 




-40 to 125 





RECOMMENDED OPERATING CONDITIONS (V cc =5V±10%,T a =-10 to 70°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage(Note 4) During the CRT operation 


4.5 


5.0 


5.5 


V 


V ss 


Supply voltage 


0 


0 


0 


V 


V, H 


"H" input voltage P0 0 -P0 7 , P1 0 -P1 7 , P2 0 -P2 7 , 
P3 0 -P3 6 , P4 0 -P4 3 , P4 6 ,P4 7) 
P6o _ P6 7 , HsynCi VsynCi RESET, 
X IN , OSC1 


0. 8V CC 




Vcc 


V 


V IH 


"H" input voltage P4 4 , P4 5 


0. 7V CC 




Vcc 


V 


V, L 


"L" input voltage P0 0 -P0 7 , P1 0 -P17, P2 0 -P2 7 , 

P3 0 , P3 it P3 5> P4 0 , P4 3 -P4 5 , P4 7 


0 




0. 4V CC 


V 


V,u 


"L" input voltage P3 2 -P3 4 , P3 6 , P4 1( P4 2> P4 6 , 

Hsync, V SY nc> RESET, X, N , OSC1 


0 




0. 2V CC 


V 


'OH 


"H" average output current (Note 1 ) R,G,B,l,OUT,POo-P0 7 , 
P1 0 -P1 7 , P2 0 -P2 7 , P3 0 , P3i 






1 


mA 


'0L1 


"L" average output current (Note 2) R,G,B,I,OUT,P0 0 -P0 7 , 
P2 0 -P2 3 , P3 0 -P3 6 , P4 0 -P4 3 , D-A 






2 


mA 


'0L2 


"L" average output current (Note 2) P6 0 -P6 7> P4 6 , P4 7 






1 


mA 


'0L3 


"L" average output current (Note 3) P2 4 -P2 7 






10 


mA 


'0L4 


"L" average output current (Note 2) P4 4 , P4 5 






3 


mA 


fcpu 


Oscillating frequency (for CRT operation) (Note 5) 


3.6 


4.0 


4.4 


MHz 


fcRT 


Oscillating frequency (for CRT display) 


6.0 


7.0 


8.0 


MHz 


fhs 


Input frequency P3 2 -P3 4 , P3 6 , P4 5 






100 


kHz 


fhs 


Input frequency P4^ 






1 


MHz 



Note 1 : The total current that flows out of the IC should be 20mA (max.) 

2 '. The total of lou. 'ol2 and l 0 i_4 should be 30mA (max.) 

3 : The total of l OL of port P2 4 -P2 7 should be 20mA (max ) 

4 Apply 0. 022// F or greater capacitance externally between the V C c — V S s power supply pins so as 
to reduce power source noise 

Also apply 0. 068// F or greater capacitance externally between the V C c — CNV S s P'ms. 

5 '. Use the crystal oscillator or ceramic resonator for CPU oscillation circuit 
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ELECTRIC CHARACTERISTICS (V CC =5V±10%, V S s=0V, T a =-10 to70°C, f(X 1N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 




Typ 


Max 


Ice 


Supply current 


V cc =5. 5V, f(X| N )=4MHz 
CRT OFF 




10 


20 


mA 


V cc =5. 5V, f(X| N )=4MHz 
CRT ON 




20 


30 


At stop mode 






300 




Vqh 


"H" output voltage PO0-PO7, PI0-PI7, P2 0 -P27, 
P3 0 , P3i, R, G, B, I, OUT 


V cc =4. 5v 
Ioh ==— 0. 5mA 


2.4 






V 


Vol 


"L" output voltage P0o-P07, P1o-P17> P2o-P23, 
P3 0 -P3 6 , P4 0 -P4 3 , 
R, G, B, I, OUT, D-A 


V C c=4. 5V 
Iol— 0. 5mA 






0. 4 


V 


"L" output voltage P6 0 -P6 7 , P4 6 , P4 7 


V cc =4. 5V 
l OL =0. 5mA 






0.4 


"L" output voltage P2 4 -P2 7 


V cc =4. 5V 
l OL =10. 0mA 






3.0 


"L" output voltage P4 4l P4 5 


V C c=4. 5V 
l 0 L—3mA 






0.4 


V t +-V t - 


Hysteresis RESET 


V cc =5. 0V 




0.5 


0.7 


V 


Hysteresis (Note 1 ) H SY nc- V SY nc> P3 2 -P3 4 , 
P3 6l P4i, P4 2> P4 4 -P4 6 


V cc =5. 0V 




0.5 


1.3 


'OZH 


"H" input leak current RESET, P0 0 -P0 7 , PI0-PI7. 
P2 0 -P2 7 , P3 0 -P3 6 , P4 0 -P4 5 


V cc =5. 5V 
V 0 =5. 5V 






5 




"H" input leak current 
P6 0 -P6 7 , P4 6 , P4 7 


V cc =5. 5V 
V 0 =12V 






10 


loZL 


"L" input leak current RESET, P0 0 -P0 7 , 
PI0-PI7, P2 0 -P2 7 , P3 0 -P3 6 , 
P4 0 -P4 7l P60-P67 


V cc =5. 5V 
V o =0V 






5 





Note 1 . P3 2 -P3 4 , P3 6 have the hysteresis when these pins are used as interrupt input pins or timer input pins. 
P4-1, P4 2 , P4 4 -P4 6 have the hysteresis when these pins are used as serial I/O ports 
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MITSUBISHI MICROCOMPUTERS 

M37120M6-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



DISCRETION 

The M37120M6-XXXFP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in 
an 80-pin plastic molded QFP. This single-chip micro- 
computer is useful for appliance controllers. 
In addition to its simple instruction set, the ROM, RAM, and 
I/O addresses are placed on the same memory map to en- 
able easy programming. 



•71 



•12288 bytes 
• ••• 256 bytes 



FEATURES 

• Number of basic instructions 

• Memory size 

ROM 

RAM 

• Instruction execution time 

1/^s (minimum instructions at 4MHz frequency) 

• Single power supply 

f(X, N )=4MHz 5V±10% 

• Power dissipation 

normal operation mode 

(at 4MHz frequency) 75mW 

• Subroutine nesting 128levels (Max.) 

• Interrupt 14types, 14vectors 

• 8-bit timer 4 

• Programmable I/O ports 

(Ports PO, P1, P2, P3, P4) 40 

• Input ports (Ports P6, P7) 12 

• Serial I/O (8-bit) 2 

• A-D converter (8-bit resolution) 8channels 

• D-A converter (8-bit resolution) 6channels 

• Watchdog timer 

• 72-character on screen display function 

Number of character 24 charactersX3 lines 

Kinds of character 126 

• Two clock generating circuits 

(One is for main clock, the other is for clock function) 



PIN CONFIGURATION (TOP VIEW) 



D-A 0 UT3 


-E 


D-AoUT2 


«-n 


D-Aoim 


— CI 


D-Aouto 


— E 


P7 3 /AN 7 


-e 


P7 2 /AN 6 


-E 


P7^/M4s 


—n. 


P7 0 /AN 4 


-E 


P67/AN3 


-E 


P6 6 /AN 2 


-[To 


P65/AN, 


-E 


P64/AN0 




P6 3 /INT 3 




P6 2 /INT 2 




P6 1 /INT 1 




P60/INT0 


-[Tj 


P47/ SrdY2 




P46/SCLK2 




P45/ SoUT2 




pys, N2 




P4 3 / Srdyi 




P4 2 /S C LK1 




P4i/Soun 




P4o/S IN1 





oo><<i:>>:>OOa:c!Jm_o 
t T 4 11 t i t t t t t 
EoiraiilRraiilNRlRllTillTolglglgTlgllil 




t I t 1 ft i X t t t t t t i 

>? ?> C/) X 0>QQQQOQQQ 

xo B ^^^^ 

0.0.0.0.0.0.0.0. 

Outline 80P6N 



APPLICATION 

TV, VCR 
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M37120M6-XXXFP BLOCK DIAGRAM 



Hsync Vsync OSC2 OSC1 R G B I OUT1 



Clock Clock 

input output 

for for 

clock clock Clock Clock Timing 

function function input output output 

Xcin Xcout X| N Xqut 4> 



Reset input 



RESET 




OSD 

OSD-ROM 
OSD-RAM 



Watchdog timer 
T 



Clock generating circuit 



AV CC AV SS V cc V SS V SS CNV SS 
- — -® © <gh - 




Mode 



1 



Data Bus 



1 



OUT2 



TV 



RAM 
256 bytes 

1 



7Y 



TV 



Program 


Program 


counter 


counter 


P£ H (8) 


PC U (8) 



ROM 
12288bytes 



8-bit 
Arithmetic 

and 
logical 

unit 
"TV 



Accumulator 

A(8) 




Processor 
status 
register 
PS(8) 

— 7% — 



Index 
register 
X(8) 

A 



Index, 
register 
Y(8) 

A 



Stack 
pointer 
S(8) 

A 



Multiplier 
/driver 

A 



Timer 1 (8) 



Timer2 (8) 



Timer 3 (8) 



Timer 4 (8) 



Instruction 
register 



12. 



Instruction 
decoder 



Control signal 




V REF D-A output Input port P7 Input port P6 
Reference 
voltage 
input 



I/O port P4 



I/O port P3 



I/O port P2 



I/O port P1 



I/O port PO 
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



FUNCTIONS OF M37120M6-XXXFP 



Parameter 


Functions 


Number of basic instructions 


71 


Instruction execution time 


1;us (minimum instructions, at 4MHz frequency). 


Clock frequency 


4MHz 


Memory size 


ROM 


1 2288byt.es 


RAM 


256bytes 


Input/Output port 


PO, P1, P2, P3 


I/O 


8-bitX4 


P4 


I/O 


8-bitX1 


P6 


Input 


8-bitX1 


P7 


Input 


4-bitX1 


I, B, G, R, OUT1 


Output 


1-bitX5 (for CRT display function) 


VsYNC. HsYNC 


Input 


1-bitX2 (for CRT display function) 


D- Aquto - D-A 0 ut5 


Output 


1-bitX6 


Serial I/O 


8-bitX2 


Timers 


8-bit timerX4 


Subroutine nesting 


128 (maximum) 


Interrupt 


Four external interrupts, nine internal interrupts, one software interrupt 


Clock generating circuit 


Two built-in circuits (ceramic or quartz crystal oscillator ) 


Supply voltage 


5V±10% 


Operating temperature range 


-10 to 70°C 


Device structure 


CMOS silicon gate 


Package 


80-pin plastic molded QFP 


CRT display function 


Number of character 


24 charactersX3lines 


Kinds of character 


126 (12X16 dots) 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc, 
V SS 


Supply voltage 




Power supply inputs 5V±10% to V C c, and OV to V S s 


AVcc, 
AV SS 


Analog power supply 




Power supply input for A-D and D-A converters. 


CNV SS 


CNVss 




This is connect to Vss- 


RESET 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2jus (under normal Vcc 
conditions) If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time 


X|N 


Clock input 


Input 


These are I/O pins of internal clock generating circuit for mam clock To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the X| N and Xout pms If an external 
clock is used, the clock source should be connected the X| N pin and the X 0 ut pin should be left open 


XoUT 


Clock output 


Output 


0 


Timing output 


Output 


The function of this pin can be selected either timing output or resetout output 


XciN 


Clock input for 
clock function 


Input 


This is the I/O pins of the clock generating circuit for the clock function To control generating frequency, 
an external ceramic or quartz crystal oscillator is connected between the X C in and Xcout pms If an external 
clock is used, the clock source should be connected to the X C in pm and the Xcout pm should be left open 
This clock can be used as a program controlled the system clock 


XcOUT 


Clock output for 
clock function 


Output 


D-Aouto 

— D-AquT5 


D-A output 


Output 


Analog signal from D-A converter is output 


V REF 


Reference voltage 
input 


Input 


This is reference voltage input pin for the A-D and D-A converters 


POO-P07 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output At reset, this port is set to input mode The output structure is CMOS output 


P10-P17 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO 


P2 0 -P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO 


P3 0 -P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO 

Port P3o is in common with CRT input pin and P34 is in common with counter input pin 


P4 0 -P4 7 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port and has basically the same function as port PO, but the output structure is 
N-channel open dram. 


P60-P67 


Input port P6 


Input 


Port P6 is an 8-bit input port P6 0 — P63 are in common with interrupt input pins and P6 4 — P6 7 are in common 
with analog input pins 


P7 0 -P7 3 


Input port P7 


Input 


Port P7 is a 4-bit input port and in common with analog input pins 


OSC1 , 
OSC2 


Clock input for CRT display 
Clock output for CRT display 


Input 
Output 


This is the I/O pins of the clock generating circuit for the CRT display 

To control generating frequency, external condensers and registers are connected 


HsYNC 


Hsync input 


Input 


This is the horizontal synchronizing signal input for CRT display. 


VsYNC 


Vsync input 


Input 


This is the vertical synchronizing signal input for CRT display 


I, B, G, R, 
OUT1 


CRT output 


Output 


This is a 5-bit output pin for CRT display 
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FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 

The M37120 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Programming Manual. 

Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are provided. 
The WIT instruction can be used. 
The STP instruction can be used. 



CPU Mode Register 

The CPU mode register is allocated to address 00FB 16 . Bits 
0 and 1 of this register are processor mode bits. This regis- 
ter also has a stack page selection bit. 



CPU mode register (address 00FB 16 ) 



■ Processor mode bits 



0 0 

0 1 

1 0 
1 1 



Single-chip mode 



Stack page selection bit 

0 : 0 page 

1 1 page 



Watchdog timer interval selection bit 

0 : Short 

1 : Long 



System clock output selection bit 

0 : System clock output 

1 .* Stop (reset-out output) 

Xcout drive capacity selection bit 

0 : Low 

1 : High 

Main clock (X| N -X OU t) stop bit 

0 : Oscillation 

1 : Stop 



Internal system clock selection bit 

0 I X| N -X OU t (Normal mode) 

1 : Xcin-Xcout (Low-speed mode) 



Fig. 1 Structure of CPU mode register 
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MEMORY 

• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 

• RAM 

RAM is used for data storage as well as a stack area. 

• ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 

• RAM for display 

RAM for display is used for specifing the character codes 
and colors to display. 



• ROM for display 

ROM for display is used for storing character data. 

• Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 

• Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

• Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 



RAM 

(192 bytes) 



RAM 

(64 bytes) 



ROM 
(12288 bytes) 



00BF 16 



00FF t 
013F 1( 



RAM for display I 2000 

(144 bytes) 16 
I 20D7 16 



ROM for display i 

3000! 6 

(4096 bytes) j 3FFF ^ 



D000 1f 



FF00 16 
FFDE 16 

FFFF 16 



SFR area 



Not used 



Not used 



Not used 



Interrupt vector area 



Zero page 



Special 
page 



Fig. 2 Memory map 
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00C0 16 


Port PO 


00E0 16 


Horizontal position register 


00C1 16 


Port PO directional register 


00E1 16 


Vertical position register of block 1 


00C2 16 


Port P1 


00E2 16 


Vertical position register of block 2 


00C3 16 


Port P1 directional register 


00E3 16 


Vertical position register of block 3 


00C4 16 


Port P2 


00E4 16 


Character size register 


00C5 16 


Port P2 directional register 


00E5 16 


Border selection register 


00C6 16 


Port P3 


00E6 16 


Color register 0 


00C7 16 


Port P3 directional register 


00E7 16 


Color register 1 


00C8 16 


Port P4 


00E8 16 


Color register 2 , 


00C9 16 


Port P4 directional register 


00E9 16 


Color register 3 


00CA 16 


Port P6 


00EA 16 


CRT control register 


00CB 16 


Port P7 


00EB 16 


Display block counter 


00CC 16 




00EC 16 


CRT port control register 


00CD 16 




00ED 16 




00CE 16 




OOEE 16 




00CF 16 




OOEF 16 


Watchdog timer 


00D0 16 




00F0 16 


Timer 1 


00D1 16 




00F1 16 


Timer 2 


00D2 16 




00F2 16 


Timer 3 


00D3 16 


A-D control register 


00F3 16 


Timer 4 


00D4 16 


INT edge selection register 


00F4 16 




00D5 16 


A-D conversion result register 


O0F5 16 




00D6 16 


D-A conversion register 5 


00F6 16 




00D7 16 


D-A conversion register 4 


00F7 16 




00D8 16 


D-A conversion register 3 


O0F8 16 


Timer 12 mode register 


00D9 16 


D-A conversion register 2 


O0F9 16 


Timer 34 mode register 


00DA 16 


D-A conversion register 1 


00FA 16 




00DB 16 


D-A conversion register 0 


00FB 16 


CPU mode register 


00DC 16 


Serial 1/01 mode register 


O0FC 16 


Interrupt request register 1 


00DD 16 


Serial 1/01 register 


00FD 16 


Interrupt request register 2 


00DE 16 


Serial I/02 mode register 


00FE 16 


Interrupt control register 1 


00DF 16 


Serial I/02 register 


00FF 16 


Interrupt control register 2 



Fig. 3 SFR (Special function register) memory map 
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INTERRUPTS 

Interrupts can be caused by 14 different events consisting 
of four external, nine internal, and one software events. 
Interrupts are vectored interrupts with priorities shown in 
Table 1 . Reset is also included in the table because its op- 
eration is similar to an interrupt. 

When an interrupt is accepted, the registers are pushed, 
interrupt disable flag I is set, and the program jumps to the 
address specified in the vector table. The interrupt request 
bit is cleared automatically. The reset and BRK instruction 
interrupt can never be disabled. Other interrupts are dis- 
abled when the interrupt disable flag is set. 



All interrupts except the BftK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter- 
rupt request bits are in interrupt request registers 1 and 2 
and the interrupt enable bits are in interrupt control regis- 
ters 1 and 2. Figure 3 shows the structure of the interrupt 
request registers 1 and 2 and interrupt control registers 1 
and 2. 

Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is "1", interrupt 
request bit is "1", and the interrupt disable flag is "0". The 
interrupt request bit can be clear with a program, but not 
set. The interrupt enable bit can be set and clear with a 
program. 

Reset is treated as a non-maskable interrupt with the high- 
est priority. Figure 5 shows interrupts control. 



Table 1. Interrupt vector address and priority. 



Event 


Priority 


Vector addresses 


Remarks 


RESET 


1 


FFFF 16 , FFFE 16 


Non-maskable 


Vsync interrupt 


2 


FFFD 16 , FFFC 16 


By Vsync signal of OSD 


CRT interrupt 


3 


FFFB 16 , FFFA 16 


By display completion of character block 


INT 0 interrupt 


4 


FFF9 16 , FFF8 16 


External interrupt (polarity programmable) 


INT! interrupt 


5 


FFF7 16 , FFF6 16 


External interrupt (polarity programmable) 


INT 2 interrupt 


6 


FFF5 16 , FFF4 16 


External interrupt (polarity programmable) 


INT 3 interrupt 


7 


FFF3 16 , FFF2 16 


External interrupt (polarity programmable) 


Timer 1 interrupt 


8 


FFF1 16 , FFF0 16 




Timer 2 interrupt 


9 


FFEF 16 , FFEE 16 




Timer 3 interrupt 


10 


FFED 16 , FFEC 16 




Timer 4 interrupt 


11 


FFEB 16 , FFEA 16 




Serial I/O 1 interrupt 


12 


FFE9 16 , FFE8 16 




Serial I/O 2 interrupt 


13 


FFE7 16 , FFE6 16 




A-D conversion completion interrupt 


14 


FFE5 16 , FFE4 16 




Disable to use. 




FFE3 16 , FFE2 16 




Disable to use. 




FFE1 16 , FFE0 16 




BRK instruction interrupt 


15 


FFDF 16 , FFDE 16 


Non-maskable software interrupt 
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7 0 7 

I I I I I I I PI Interrupt request register 1 I I I 
(address 00FC 16 ) 



1 — Vsync interrupt request bit 

— CRT interrupt request bit 

— INT 0 interrupt request bit 

— I NTS interrupt request bit 
INT 2 interrupt request bit 

— INT 3 interrupt request bit 
— - Timer 1 interrupt request bit 

— Timer 2 interrupt request bit 



Interrupt request register 2 
(address 0OFD 16 ) 

- Timer 3 interrupt request bit 
" Timer 4 interrupt request bit 

- Serial I/O 1 interrupt request bit 

- Serial I/O 2 interrupt request bit 

" A-D conversion completion interrupt 
request bit 



0 '. No interrupt request issued 

1 : Interrupt request issued 



I I Interrupt control register 1 
(address 00FE 16 ) 



" Vsync interrupt enable bit 

- CRT interrupt enable bit 

- INT 0 interrupt enable bit 

- INTi interrupt enable bit 
" INT 2 interrupt enable bit 

- INT3 interrupt enable bit 

- Timer 1 interrupt enable bit 

- Timer 2 interrupt enable bit 



Fig. 4 Structure of registers related with interrupt 



| | | | | | Interrupt control register 2 
- M -r- i -i- t -i~ g -i- Lm *r J (address 00FF 16 ) 



- Timer 3 interrupt enable bit 

- Timer 4 interrupt enable bit 

- Serial I/O 1 interrupt enable bit 

- Serial I/O 2 interrupt enable bit 

- A-D conversion completion interrupt 

enable bit 



0 : Interrupt disable 

1 : Interrupt enabled 



Interrupt request bit 




Interrupt enable bit 




Interrupt disable flag 1 d] y 




BRK instruction -j j ^ Interrupt request 

reset J ^ 


Fig. 5 Interrupt control 
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TIMER 

The M371 20M6-XXXFP has four timers; timer 1, timer 2, 
timer 3 and timer 4. 

A block diagram of timer 1 through 4 is shown in Figure 6. 
The count source for timer 1 through 4 can be selected by 
using bit 0, 1, 4 of the timer 12 mode register (address 
00F8 16 ) and bit 0, 1 of the timer 34 mode register (address 
Q0F9 16 ), as shown in Figure 7. 

All of the timers are down count timers and have 8-bit 
latches. When a timer reaches "0" and the next count pulse 
is input to a timer, the contents of the reload latch are 
loaded into the timer. The division ratio of the timer is 1/(n 
+1 ), where n is the contents of timer latch. 



Also all of the timers have interrupt generating functions. 
The timer interrupt request bit is set at the next count pulse 
after the timer reaches "0" (see interrupt section). 
The starting and stopping of timers are controlled by bit 2, 
3 of the timer 12 mode register and the timer 34 mode reg- 
ister. If the corresponding bit is "0", the timer starts count- 
ing, and the corresponding bit is "1", the timer stops. 
At a reset or stop mode, FF 16 is automatically set in timer 3 
and 07 16 in timer 4. And timer 4, timer 3 and the clock (<f> 
divided by 8) are connected in series. Reset or stop mode 
is cleared by timer 4 overflow. 



Data bus 



X IN (>1/2 




CM 7 



P3 4 /CNTR 



Selection gate: 
Connected to black 
colored side at reset 



T12M : Timer 12 mode register 
T34M : Timer 34 mode register 
CM : CPU mode register 



Timer 1 latch (8) 



Timer 1 (8) 



T12M 0 
T12M 4 



T12M 2 



Timer 2 latch (8) 



T12M,^ 



Timer 2 (8) 



T12M 3 



* 'FF„ 



Timer 3 latch (8) 



T34M 0 



Timer 3 (8) 



T34M 2 



Timer 4 latch (8) 



T34M 



07 16 



Timer 4 (8) 



T34M 3 



Watchdog timer (15) 



Timer 1 interrupt 
request bit 



Timer 2 interrupt 
request bit 



RESET 

STP instruction 



Timer 3 inte rrupt 
request bit 



timer 4 interrupt 
request bit 



Reset circuit 



Fig. 6 Block diagram of timer 1 through 4 
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Timer 12 mode register 
(Address 00F8 16 ) 



- Timer 1 count source selection bit 

0 : f(X IN ) divided by 16 or f(X CIN ) divided by 16 

1 :f(x C i N ) 



■ Timer 2 count source selection bit 

0 '. Internal clock source 

1 : P3 4 /CNTR external clock source 



- Timer 1 count stop bit 

0 Count start 

1 : Count stop 



■ Timer 2 count stop bit 

0 : Count start 

1 Count stop 

- Timer 2 internal clock source selection bit 

0 : f(X, N ) divided by 16 or f(X C i N ) divided by 16 

1 : Timer 1 overflow 



- Dummy bit 
Not operation 



Timer 34 mode register 
(Address 00F9 16 ) 



Timer 3 count source selection bit 

0 : f(X, N ) divided by 16 or f(X clN ) divided by 16 

1 :f(x clN ) 

Timer 4 count source selection bit 

0 : Timer 3 overflow 

1 •* f(X (N ) divided by 16 or f(X C | N ) divided by 16 

Timer 3 count stop bit 

0 : Count start 

1 : Count stop 

Timer 4 count stop bit 

0 Count start 

1 : Count stop 



Fig. 7 Structure of timer mode registers 
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SERIAL I/O 

M37120 has two serial l/Os which can operate in clock 
synchronous (Serial I/O 1, Serial I/O 2). Serial I/O 1 and 2 
have the same funciton. 

The block diagram of serial I/O is shown in Figure 8. In the 
serial I/O mode the receive ready signal (S RD y), synchro- 
nous input/output clock (S C lk). and the serial I/O (S 0 ut. 
S| N ), pins are used as port P4. 

The serial I/O mode register 1 and 2 (addresses 00DC 16 
and 00DE 16 ) are 8-bit registers. But the bits 7 and 6 are not 
used. Bit 0, 1, 2 of these registers are used to select a syn- 



chronous clock source. Bits 3 and 4 decide whether P4 will 
be used as a serial I/O or not. When bit 3 is "1", P4 2 , P4 6 
become I/O pins of the synchronous clock. When an inter- 
nal syncronous clock is selected, the clock is output from 
P4 2> P4 6 . if the external synchronous clock is selected, the 
clock is input to P4 2 , P4 6 . And P4 U P4 5 will be a serial out- 
put, and P4 0 , P4 4 will be a serial input. To use P4 0 , P4 4 as 
serial input, set the directional register bit which corres- 
pond to P4 0 , P4 4 , to "0". For more information on the direc- 
tional register, refer to the I/O pin section. 



Data bus 



1 



1/2 



1/2 1/4 



X.n(»1/2J*H~H 1/4 
CM 7 

P4 3 latch 



P4 3 /S R , 



SM1 4 



P4 2 /S C LK1 



P4i/S OU ti 



P4 2 latch 



SMI3 
P4! latch 



SMI3 



P4 0 /S, N1 C^- 



Counter 1 



Sync, circuit 




Serial I/O counter 1 



SM1 5 : LSB^-^MSB 



Serial I/O shift register 1 



Counter 2 



P4 7 latch 



h/2 h/16 I1/64 
O \ O \6 SM2 1 



P4 7 /Sr DY 2 Q 1 - 



SM2 4 



Sync, circuit 



P4 6 /Scu 



P4 5 /S 0 , 



P4 6 latch 



SM2 3 
P4 5 latch 



SM2 0 



Serial I/O counter 2 



SM2 5 : LSB^->MSB 



SM2 3 



P4 4 /S, N2 O 



Serial I/O shift register 2 



SM1 : Serial I/O 1 mode register 
SM2 : Serial I/O 2 mode register 
CM : CPU mode register 



— i>-» 



Selection gate 
Connected to black 
colored side at reset 



Serial I/O 1 interrupt 
request 



Serial I/O 2 interrupt 
request 



Fig. 8 Block diagram of serial I/O 
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To use the serial I/O, bit 3 of serial I/O mode register 1 
and 2 needs to be set to "1", if it is "0" P4 2> P4 6 will function 
as a normal I/O. Bit 4 determines if P4 3> P4 7 are used as 
output pins for the receive data ready signal (bit 4 = 'T\ 
S RDY ) or used as a normal I/O pin (bit 4="0"). Bit 5 is 
transfer direction selection bit. M37120 can be changed 
transfer direction by using this bit. 

The function of serial I/O differs depending on the clock 
source; external clock or internal clock. 
Internal clock- The S RDY signal becomes "H" during trans- 
mission or while dummy data is stored in the serial I/O reg- 
ister. After the falling edge of write signal, the S RD y signal 
becomes low signaling that the M37120M6-XXXFP is ready 
to receive the external serial data. The S RDY signal goes 
"H" at the next falling edge of the transfer clock. The serial 
I/O counter is set to 7 when data is stored in the serial I/O 



register. At each falling edge of the transfer clock, serial 
data is output to P4 1( P4 5 . During the rising edge of this 
clock, data can be input from P4 0 , P4 4 and the data in the 
serial I/O register will be shifted 1 bit. After the transfer 
clock has counted 8 times, the serial I/O counter will be "0" 
and the transfer clock will remain at a high level. At this 
time the interrupt request bit will be set. 
External Clock- If an external clock is used, the interrupt 
request bit will be set after the transfer clock has counted 8 
times but the transfer clock will not stop. Due to this 
reason, the external clock must be controlled from the out- 
side. The external clock should not exceed 500kHz at a 
duty cycle of 50%. 

Timing diagrams are shown in Figure 9. 



Synchronous clock 
Transfer clock 

Serial I/O register 
write signal 

Serial I/O output 

SoUT 

Serial I/O input 
Sin 

Receivable signal 
Srdy 



njnjnjnjnjTJijnjnjnjnj^ 




Interrupt request bit set 



Fig. 9 Serial I/O timing 
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Serial I/O 1 mode register 
(address 00DC 16 ) 



Internal synchronous clock selection bits 

00 : Clock oscillating frequency divided by 8 

01 : Clock oscillating frequency divided by 16 

10 : Clock oscillating frequency divided by 128 

11 '. Clock oscillating frequency divided by 512 



■ Synchronous clock selection bit 

0 : External clock 

1 : Internal clock 

" Serial I/O 1 port selection bit 

0 : Normal I/O port (P4 1p P4 2 ) 

1 : Serial I/O port (Souti. Sclki) 

Srdyi signal output selection bit 

0 : Normal I/O port (P4 3 ) 

1 : Srdyi signal output pin 

■ Transfer direction selection bit 

0 : LSB first 

1 : MSB first 



Serial I/O 2 mode register 
(address 00DE 16 ) 



- Internal synchronous clock selection bits 

00 '. Clock oscillating frequency divided by 8 

01 : Clock oscillating frequency divided by 16 

10 : Clock oscillating frequency divided by 128 

11 : Clock oscillating frequency divided by 512 

• Synchronous clock selection bit 

0 : External clock 

1 : Internal clock 

■ Serial I/O 2 port selection bit 

0 : Normal I/O port (P4 5 , P4 6 ) 

1 : Serial I/O port (S OU T2, S CL k2) 

Srdy2 signal output selection bit 

0 : Normal I/O port (P4 7 ) 

1 : S RDY 2 signal output pin 

- Transfer direction selection bit 

0 : LSB first 

1 : MSB first 



Fig. 10 Structure of serial I/O mode registers 
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A-D CONVERTER 

The A-D converter circuit is shown in Figure 12. The analog 
input ports of the A-D converter (AN 0 -AN 7 ) are in common 
with in port P6 4 -P6 7 , P7 0 -P7 3 . 

The A-D control register is located at address 00D3 16 . One 
of the eight analog inputs is selected by bits 0, 1 and 2 of 
this register. The AN pins, not to use as analog input, uses 
as normal I/O ports. 

Bit 0, 1 and 2, and corresponding to analog input pin is 
shown in Figure 11. A-D conversion is accomplished by first 
selecting bit 0, 1 and 2 of the A-D control register for the 
analog input pin. 

A-D conversion starts by setting "0" to bit 3 of the A-D con- 
trol register. When A-D conversion is finished, an interrupt 
is generated. After A-D interrupt is accepted, the result of 
A-D conversion can be read from the A-D register. 



A-D control register 

(address 00D3 1£ 



Analog input selection bits 

000 : AN 0 ioo : an 4 

001 : AN, 101 : AN 5 

oio:an 2 iio:an 6 
011 : an 3 111 : an 7 
A-D conversion completion bit 

0 : During A-D conversion 

1 : A-D conversion completion 

' D-A output enable bit 

0 : D-A output pins are in the 

high impedance state 

1 : D-A output enable 



Fig. 11 Structure of A-D control register 



P7 3 /AN 7 O 



P7 2 /AN 6 O 



P7i/AN 5 O 
P7 0 /AN 4 O- 



P67/AN3 o 



P6 6 /AN 2 O 
PGs/AN, O 



P64/AN0 o 



Data bus 



bitO 



A-D control register 
(address 00D3 16 ) 




A-D control circuit 



A-D register 
(Address 00D5 16 ) 



A-D interrupt request bit 



Ladder resistor 



Fig. 12 A-D converter circuit 
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D-A CONVERTER 

Six 8-bit resolution D-A converter channels are provided. 
Figure 13 shows a block diagram of the D-A converter. 
D-A conversion is performed by setting a value in the D-A 
conversion register (addresses 00D6 16 to 0ODB 16 ). The re- 
sult of D-A conversion is output from the D-A output pin. 
The output analog voltage V DA is determined by the value n 
(decimal) set in the D-A conversion register as follows: 
V D a=Vref X n/256 (n=0 to 255) 



i bus 



D-A conversion 
register 



I 



R-2R ladder resistor 



AV SS V REF 



Aouto 
to 

•AquT5 



Fig. 13 D-A converter block diagram 
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CRT DISPLAY FUNCTIONS 

(1) Outline of CRT Display Functions 

Table 2 outlines the CRT display functions. The M37120M6- 
XXXFP incorporates a 24 columns X 3 lines CRT display 
control circuit. CRT display is controlled by the CRT display 
control register. 

Up to 126 kinds of characters can be displayed, and colors 
can be specified for each character. Four colors can be 
displayed on one screen. A combination of up to 15 colors 
can be obtained by using each output signal (R, G, B, and 
I). 

Characters are displayed in a 12X16 dot configuration to 
obtain smooth character patterns. (See Figure 14) 
The following shows the procedure how to display charac- 
ters on the CRT screen. 

© Set the character to be displayed in display RAM. 

© Set the display color by using the color register. 

(3) Specify the color register in which the display color is 
set by using the display RAM. 

® Specify the vertical position and character size by us- 
ing the vertical position register and the character size 
register. 

© Specify the horizontal position by using the horizontal 

position register. 
® Write the display enable bit to the designated block 

display flag of the CRT control register. When this is 

done, the CRT starts operation according to the input 

of the 

Vsync signal. 

The CRT display circuit has an extended display mode. 
This mode allows multiple lines (more than 3 lines) to be 
displayed on the screen by interrupting the display each 
time one line is displayed and rewriting data in the block 
for which display is terminated by software. 
Figure 15 shows a block diagram of the CRT display control 
circuit. Figure 16 shows the structure of the CRT control 
register. 



Table 2. Outline of CRT display functions 



Parameter 


Functions 


Number of display character 


24charactersX 3 lines 


Character configuration 


12X16 dots (See Figure 14) 


Kinds of character 


126 


character size 


4 size selectable 


Color 


Kinds of color 


15( maximum) 


Coloring unit 


Character 


Display expansion 


Possible (multiple lines) 




16 dots 



Fig. 14 CRT display character configuration 
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Data bus 



«s — s> { CRT control register 

(Addresses 00E1 16 to 00E3 16 ) 
«= — ^ Vertical position register 

(Address 00E4 16 ) 
«s — H Character size register 



«s — ga { Horizontal position register 



(Address 00EA 16 



(Address 00E0 1( 



(Address 00E5 16 ) 



Border register 



RAM for CRT display 



(Addresses 00E6 16 to 00E9 16 ) 



Color register 



(Address 00EC 16 ) 



CRT port control register 



OSC1 



OSC2 V s > 



Q Q 



Clock generating 
circuit 



Display position control circuit 



ROM for 
display 



Shift 
register 
(12-bit) 

ZZE 



Display 
control 
circuit 



Border 
RAM 



± 



Shift 
register 
(12-bit) 

ZIZ 



Output circuit 



& £ & & & A 



I OUT1 OUT2 



Fig. 15 Block diagram of CRT display control circuit 



CRT control register (address 00EA 16 ) 

— Display of all blocks control bit (Note 1 ) 

0 Display of all blocks off 

1 Display of all blocks on 

— Display of block 1 control bit 

0 -Display of block 1 off 

1 :Display of block 1 on 

— Display of block 2 control bit 

0 -Display of block 2 off 

1 Display of block 2 on 

— Display of block 3 control bit 

0 Display of block 3 off 

1 Display of block 3 on 



- Block 1 color select mode switch bit 

0 -.Normal mode 

1 Half character width color select mode 

- Clock for display stop bit 

0 -Stop 

1 -Oscillation enable 

- These bits must be set to "0" 



Note 1 Display of all blocks control bit indicates the logical sum (AND) of each block display control bit 



Fig. 16 Structure of CRT control register 
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(2) Display Position 

The display positions of characters are specified in units 
called a "block." There are three blocks, block 1 to block 3. 
Up to 24 characters can be displayed in one block. (See 
(4) Display Memory.) 

The display position of each block in both horizontal and 
vertical directions can be set by software. 
The horizontal direction is common to all blocks, and is 
selected from 64-step display positions in units of 4Tc (Tc 
=oscillation cycle for display). 



The display position in the vertical direction is selected 
from 128-step display positions for each block in units of 
four scanning lines. 

If the display start position of a block overlaps with some 
other block ((b) in Figure 17), a block of the smaller block 
No. (1 to 3) is displayed. 

If when one block is displaying, some other block is dis- 
played at the same display position ((c) in Figure 17), the 
former block is overridden and the latter is displayed. 



— <hr)- 



cv, 



cv 2 



cv 3 



(a) Example when each block is separated 



Block 1 



Block 2 



Block 3 



«— <HR)- 



CV 3 



Block 1 



Block 3 



(b) Example when the display start position of a block overlaps with some other block 



*-(HR)- 



CV 2 



cv 3 ^ cvy^ 



Block 1 



Block V 



(c) Example when one block is displaying some other block is superimposed 



Fig. 17 Display position 
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The vertical position can be specified from 128-step posi- 
tions (four scanning lines per step) for each block by set- 
ting values 00 16 to 7F 16 to bits 0 to 6 in the vertical position 
register (addresses 00E1 16 to 00E3 16 ). Figure 18 shows the 
structure of the vertical position register. 



Vertical position register 
(Addresses 00E1 16 to 00E3 16 ) 



-The vertical display start position 
128-step positions (00 16 to 7F 16 ) 



The horizontal direction is common to all blocks, and can 
be specified from 64-step display positions (4Tc per step 
(Tc= oscillation cycle for display)) by setting values 00 16 to 
3F 16 to bits 0 to 5 in the horizontal position register 
(address 00E0i 6 ) . Figure 19 shows the structure of the 
horizontal position register. 



Horizontal position register 
(Address 00E0 16 ) 
The horizontal display start 
"position 64-step positions 
(00 16 to3F 16 ) 

- R, G, B control bit 

0 : Controled by the color 

register 

1 '. Controled by the 

logical sum of bit 4 of 
RAM for display and 
color register 

— I control bit 

0 : I output mode 

1 Selection signal mode 



Fig. 18 Structure of vertical position registers 



Fig. 19 Structure of horizontal position register 
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(3) Character Size 

The size of characters to be displayed can be selected 
from four sizes for each block. Use the character size reg- 
ister (address 00E4 16 ) to set a character size. 
The character size in block 1 can be specified by using 
bits 0 and 1 in the character size register; the character 
size in block 2 can be specified by using bits 2 and 3; the 
character size in block 3 can be specified by using bits 4 
and 5. Figure 20 shows the structure of the character size 
register. 

The character size can be selected from four sizes: small 
size, medium size, large size, and extra large size. Each 
character size is determined by the number of scanning 
lines in the height (vertical) direction and the cycle of dis- 
play oscillation (=Tc) in the width (horizontal) direction. 
The small size consists of [one scanning line] X (1 Tc) ; the 
medium size consists of [two scanning lines) X [2 Tc] ; the 
large size consists of [three scanning lines) X (3 Tc) ; the 
extra large size consists of [four scanning lines) X 
[4 Tc). 

Table 3 shows the relationship between the set values in 
the character size register and the character sizes. 

Fig. 21 Display start position of each character size 
(horizontal direction) 



7 0 

Character size register (Address 00E4 16 ) 



Block 1 character size 
Block 2 character size 
Block 3 character size 

00 : Small size 

01 *. Medium size 

10 : Large size 

11 : Extra large size 



Fig. 20 Structure of character size register 



Table 3. The relationship between the set values in the character size register and the character sizes 



Set values in the character size register 


Character 
size 


Width (horizontal) 
direction 


i Height (vertical) 
direction 


CSri! 


CSn 0 


0 


0 


Small 


1 T C 


1 


0 


1 


Medium 


2 T C 


2 


1 


0 


Large 


3 T c 


3 


1 


1 


Extra large 


4 T c 


4 



Note I The display start position in the horizontal direction is not affected by the character size In other words, the horizontal start position is common 
to all blocks even when the character size varies with each block (See Figure 21 ) 



Small size 



Medium size 





7 




La 


'ge si 


ze 




\ 


i 











D 


tra la 


ge si 


:e 
















t 



Display start position 
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(4) Display Memory 

There are two types of display memory : ROM for CRT dis- 
play (addresses 3000 16 to 3FFF 16 ) used to store character 
dot data (masked) and RAM fof CRT display (addresses 
2000 16 to 20D7 16 ) used to specify the colors of characters 
to be displayed. The following describes each type of dis- 
play memory. 

© ROM for CRT display (addresses 3000 16 to 3FFF 16 ) 
The. CRT display ROM containns dot pattern data for 
characters to be displayed. For characters stored in 
this ROM to be actually displayed, it is necessary to 
specify them by "writing the character code inherent to 
each character (code determined based on the 
addresses in the CRT display ROM) into the CRT dis- 
play RAM. 

The CRT display ROM has a capacity of 4K bytes. Be- 
cause 32 bytes are required for one character data, the 
ROM can contain up to 128 kinds of characters. Actual- 
ly, however, because two characters are required for 
test pattern use, the ROM can contain up to 126 kinds 
of characters for display use. 



The CRT display ROM space is broadly divided into 
two areas. The [vertical 16 dots] X (horizontal (left 
side) 8 dots] data of display characters are stored in 
addresses 3000 16 to 37FF 16 ; the (vertical 16 dots] X 
(horizontal (right side) 4 dots] data of display charac- 
ters are stored in addresses 3800 16 to 3FFF 16 . (See Fi- 
gure 22) Note however that the four upper bits in the 
data to be written to addresses 3800! 6 to 3FFF 16 must 
be set to "1" (by writing data F0 16 to FF 16 ). 
The character code used to specify a character to be 
displayed is determined based on the address in the 
CRT display ROM in which that character is stored. 
Assume that data for one character is stored at 3XX0 16 
to 3XXF 16 (XX denotes 00 16 to 7F 16 ) and 3YY0 16 to 
3YYF 16 (YY denotes 80 16 to FF 16 ) , then the character 
code for it is "XX 16 " 

In other words, character code for any given character 
is configured with two middle digits of the four-digit 
(hex- notated) addresses (3000 16 to 37FF 16 ) where 
data for that character is stored. 
Table 4 lists the character codes. 



3XX0 ie 



3XXF 16 




bit 7^ 










bitO 


bit 7^ 




^ bit 3 


■^bitO 


0 


0 


0 


0 


0 


0 


0 


0 


3XX0 16 +800 16 


iv 




T 


1," 


0 


0 


0 


0 


0 


0 


0 


0 


0 


1 


0 


0 




1; 


A ■ 


J* 
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0 


0 


0 


t 


0 


0 




1 






i. 
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0 


0 
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0 


0 


0 


0 


1 


0 


1 


0 






t; 


M 


ti 
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0 


0 


0 


0 


0 


0 


1 


0 


1 


0 
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X 
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0 
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0 


0 


0 


0 


0 


1 


0 


0 


0 


1 
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x. 


X 


0 


0 


0 


0 


0 


0 


0 


1 


0 


0 


0 
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y. 


>V 


€ 


# 


0 


0 
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1 


0 


0 


0 


1 




% 


X 


X 
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0 
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1 


0 
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0 


0 
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1 


1 


1 
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X 


1 
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0 


1 


0 


0 


0 


0 
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Fig. 22 Contained up form of display character 
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Table 4. List of the character code 



Character code 


Contained up address of character data 


Left 8 dots lines 


Right 4 dots lines 


00! 6 


3000! 6 

to 
300F 16 


3800ie 

to 
380Fi 6 


0116 


3010! 6 

to 

301 Ft 6 


381 0 16 

to 
381 Fi 6 




3020! 6 

to 
302F 16 


3820i 6 

to 
382Fi 6 


03i6 


3030! 6 

to 
303Fi 6 


3830! 6 

to 
383Fi 6 










3100i 6 

to 
310F 16 


3900i 6 

to 
390Fi 6 


1 1 16 


3110 16 

to 
311F 16 


391 0i 6 

to 
391 F 16 








4F 16 


34F0 16 

to 
34FF 16 


3CF0 16 

to 
3CFF 16 


50 16 


3500! 6 

to 
350Fi 6 


3D00 16 

to 
3D0F 16 








7D 16 


37D0i 6 

to 
37DF 16 


3FD0 16 

to 
3FDF 16 


7E 16 (Note) 


37E0i 6 

to 
37EF 16 


3FE0 16 

to 
3FEF 16 


7F 16 (Note) 


37F0 16 

to 
37FFi 6 


3FF0 16 

to 
3FFF 16 



Note .* The test patterns are contained up in addresses 37E0 16 to 37FF 16 and 3FE0 16 to 3FFF 16 
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RAM for CRT display (addresses 2000 16 to 20D7 16 ) 
The CRT display RAM is allocated at addresses 2000 16 
to 20D7 16 , and is divided into a display character code 
specifying part and display color specifying part for 
each block. Table 5 shows the contents of the CRT 
display RAM. 

When a character is to be display at the first character 
(leftmost) position in block 1, for example, it is neces- 
sary to write the character code to the seven low-order 



bits (bits 0 to 6) in address 2000 16 and the color regis- 
ter No. to the two low-order bits (bits 0 and 1) in 
address 2080 16 . The color register No. to be written 
here is one of the four registers in which the color to 
be displayed is set in advance. For details on color 
registers, refer to (5) Color Registers. 
The structure of the CRT display RAM is shown in Fi- 
gure 23. Write the character patterns at Table 6 and 7, 
when M37120M6-XXXFP is mask-ordered. 



Table 5. The contents of RAM for CRT display 



Block 


Display position (from left) 


Character code specification 


Color specification 




1 st column 


2000i6 


2080i6 




2nd column 


2001 16 


2081 16 




3rd column 


2002 16 


2082 16 


Block 1 










22th column 


201 5-i6 


2095!6 




ziotn column 


2016-16 


2096i6 




24th column 


201 7 16 


2097 16 






C\J I 0-|6 


onno 

^uyo-)6 




Not used 


201 F 16 


209F 16 




1st column 


2020! 6 


20A0 16 




2nd column 


2021 16 


20A1 16 




3rd column 


2022! 6 


20A2 16 


Block 2 










22th column 


2035! 6 


20B5 16 




23th column 


2036! 6 


20B6 16 




24th column 


2037ie 


20B7 16 






2038ie 


20B8 16 




Not used 


203F 16 


20BF 16 




1st column 


2040 16 


20C0 16 




2nd column 


2041 16 


20C1 16 




3rd column 


2042ie 


20C2 16 


Block 3 










22th column 


2055i 6 


20D5 16 




23th column 


2056i 6 


20D6 16 




24th column 


2057i 6 


20D7 16 






2058i 6 






Not used 


207F 16 
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Block 1 

(Character specification) 

1st column : 2000 16 
to 

24th column : 2017 16 
[Color specfication) 

1st column : 2080 16 
to 

24th column : 2097 16 



Block 2 

(Character specification) 

1st column : 2020 16 7 
to 



24th column : 2037 16 
[Color specification) 

1st column : 20A0 16 

to 

24th column : 20B7 16 



Block 3 

(Character specification) 

1st column : 2040 16 7 _ 

to 

24th column : 2057 16 
(Color specification) 

1st column : 20C0 16 
to 

24th column : 20D7 16 



- Character code 
Specify 126 characters at 00 16 to 7D 16 



- Former half color register specification in the normal 
.or in the half character width color select mode 

00 : Color register 0 specification 

01 ! Color register 1 specification 

10 : Color register 2 specification 

1 1 : Color register 3 specification 

- Latter half color register specification 

in the half character width color select mode 

00 : Color register 0 specification 

01 : Color register 1 specification 

10 : Color register 2 specification 

1 1 Color register 3 specification 

- OUT2 pin output selection bit 

0 : No character or blank is output 

1 : Character or blank is output 



- Character code 
Specify 126 characters at 00u 



to 7D 1f 



-Color register specification 

00 *. Color register 0 specification 

01 : Color register 1 specification 

10 : Color register 2 specification 

1 1 : Color register 3 specification 
— OUT2 pin output selection bit 

0 '. No character or blank is output 

1 .' Character or blank is output 



- Character code 
Specify 126 characters at 00 16 to 7D 16 



- Color register specification 

00 : Color register 0 specification 

01 : Color register 1 specification 

10 .* Color register 2 specification 

11 Color register 3 specification 

- OUT2 pin output selection bit 

0 : No character or blank is output 

1 : Character or blank is output 



Fig. 23 Structure of RAM for CRT display 
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Table 6. Test character pattern 1 



Address 


Data 


Address 


Data 


37E0 16 


40! 6 


3FE0i 6 


FOi 6 


37E1 16 


04! 6 


3FE1 16 


FOi 6 


37E2 16 


00! 6 


3FE2i 6 


F4i 6 


37E3 16 


20! 6 


3FE3ie 


FOie 


37E4 16 


02i 6 


3FE4i 6 


FOi 6 


37E5 16 


00i 6 


3FE5ie 


F2 16 


37E6 16 


10i 6 


3FE6i 6 


F0 16 


37E7 16 


0116 


3FE7i 6 


F0 16 


37E8 16 


80 16 


3FE8i 6 


F0 16 


37E9 16 


08! 6 


3FE9i 6 


F0 16 


37EA 16 


00! 6 


3FEAi 6 


F8 16 


37EB 16 


40i 6 


3FEB 16 


F0 16 


37EC 16 


04i 6 


3FEC 16 


F0 16 


37ED 16 


00i 6 


3FED 16 


F4 16 


37EE 16 


20 16 


3FEE 16 


F0 16 


37EF 16 


02 16 


3FEFi 6 


F0 16 



Table 7. Test character pattern 2 



Address 


Data 


Address 


Data 


37F0 16 


oo 16 


3FF0ie 


F0 16 


37F1 16 


oo 16 


3FF1 16 


FOie 


37F2 16 


00! 6 


3FF2i 6 


FOi 6 


37F3 16 


00! 6 


3FF3i 6 


FOie 


37F4 16 


00! 6 


3FF4i 6 


FOi 6 


37F5 16 


00l6 


3FF5i 6 


F0 16 


37F6 16 


00i 6 


3FF6i 6 


F0 16 


37F7 16 


00i 6 


3FF7i 6 


F0 16 


37F8 16 


00i 6 


3FF8i 6 


F0 16 


37F9 16 


00i 6 


3FF9i 6 


F0 16 


37FA 16 


00i 6 


3FFAi 6 


F0 16 


37FB 16 


00! 6 


3FFBi 6 


F0 16 


37FC 16 


00! 6 


3FFC 16 


F0 16 


37FD 16 


00ie 


3FFDi 6 


F0 16 


37FE 16 


00i 6 


3FFEi 6 


F0 16 


37FF 16 


00i 6 


3FFFi 6 


F0 16 



(5) Color Registers 

The color of a displayed character can be specified by set- 
ting the color to one of the four color registers (COO to 
C03: addresses 00E6 16 to 00E9 16 ) and then specifying that 
color register with the CRT display RAM. 
There are four color outputs : R, G, B, and I. By using a 
combination of these outputs, it is possible to set 2 4 -1 
(when no output) = 15 colors. However, because only four 



color registers are available, up to four colors can be dis- 
played at one time. 

R, G, B, and I outputs are set by using bits 0 to 3 in the col- 
or register. Bit 4 in the color register is used to set a char- 
acter or blank output; bit 5 is used to specify whether a 
character output or blank output. Figure 24 shows the struc- 
ture of the color registers. 



7 0 



Color register (addresses 00E6 16 to 00E9 t6 ) 



1 1 pin output bit 

0 : No character is output 

1 Character is output 

B pin output bit 

0 I No character is output 

1 : Character is output 

G pin output bit 

0 : No character is output 
\ 1 : Character is output 

R pin output bit 

0 : No character is output 

1 .' 'Character is output 

' OUT pin output bit (Note) 

0 '. No character or blank is output 

1 '. Character or blank is output 

OUT pin output control bit (Note) 

0 : OUT pin outputs character 

1 .' OUT pin outputs blank 

Note : When the character border function is used, the contents of these two bits (bits 4 and 5) are nullified, and the 
OUT1, OUT2 pins output become border outputs 



Fig. 24 Structure of color registers 
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(6) Half Character Width Color Select Mode 

By setting "1" to bit 4 in the CRT control register (address 
00EA 16 ) it is possible to specify colors in units of a half 
character size (vertical 16 dots X horizontal 6 dots) for char- 
acters in block 1 only. 

In the half character width color select mode, colors of dis- 
play characters in block 1 are specified as follows: 
© The left half of the character is set to the color of the 
color register that is specified by bits 0 and 1 at the 
color register specifying addresses in the CRT display 
RAM (addresses 2080 16 to 2097 16 ). 
(D The right half of the character is set to the color of the 
color register that is specified by bits 2 and 3 at the 
color register specifying address in the CRT display 
RAM (addresses 2080 16 to 2097 16 ). 



Color of the color register 


Color of the color register 




specified by bits 0 and 1 of 


specified by bits 0 and 1 


Block 1 


address 2080 16 ' 


of address 2081 16 




(a) Display in the normal mode 


Color of the color 


Color of the color 


Color of the color 


Color of the color 




register specified by 


register specified by 


register specified by 


register specified by 












Block 1 


bits 0 and 1 of 


bits 2 and 3 of 


bits 0 and 1 of 


bits 2 and 3 of 




address 2080^ 


address 2080 16 


address 2081 16 


address 2081 16 





(b) Display in the half character width color select mode 



Fig. 25 Difference between normal color select mode and half character width color select mode. 
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(7) Multiline Display 

The M37120M6-XXXFP can normally display three lines on 
the CRT screen by displaying three blocks at different hori- 
zontal positions. 

In addition, it allows up to 16 lines to be displayed by using 
a CRT interrupt and display block counter. 
The CRT interrupt works in such a way that when display of 
one block is terminated, an interrupt request is generated. 
In other words, character display for a certain block is initi- 
ated when the scanning line reaches the display position 
for that block (specified with vertical and horizontal, position 
registers) and when the range of that block is exceeded, 
an interrupt is applied. 

The display block counter is used to count the number of 
blocks that have just been displayed. Each time the display 
of one .block is terminated, the contents of the counter are 
incremented by one. 



For multiline display, it is necessary to enable the CRT in- 
terrupt (by clearing the interrupt disable flag to "0" and set- 
ting the CRT interrupt enable bit (= bit 4 at address 
00FE 16 ) to "1"), then execute the following processing in 
the CRT interrupt handling routine. 
© Read the value of the display block counter. 
© The block for which display is terminated (i.e., the 
cause of CRT interrupt generation) can be determined 
by the value read in ©. 
(D Replace the display character data and display position 
of that block with the character data (contents of CRT 
display RAM) and display position (contents of vertical 
position and horizontal position registers) to be dis- 
played next. 

Figure 26 shows the structure of the display block counter. 



Display block counter (address 00EB 16 ) 



Fig. 26 Structure of display block counter 



Indicates number of blocks that are 
being displayed or were displayed 
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Count value 



Interrupt position 



Block 1 



Block 2 



Block 3 



Block V 



Fig. 27 Timing of CRT interrupt and count value of display block counter 



(8) Character Border Function 

A border of a one clock (one dot) equivalent size can be 
added to a character to be displayed in both horizontal and 
vertical directions. 

The border is output from the OUT1, OUT2 pins. In this 
case, bits 4 and 5 in the color registers (contents output 
from the OUT pins) are nullified, and the border is output 
from the OUT pins instead. 

Border can be specified in units of block by using the bor- 
der selection register (address 00E5 16 ). Table 8 shows the 
relationship between the values set in the border selection 
register and the character border function. Figure 29 shows 
the structure of the border selection register. 




| Display of 
character 



| | Border 



Fig. 28 Example of border 
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Table 8. the relationship between the values set in the border selection register and the character border function 



Border selection register 


Functions 


Example of output 


MDn1 


MDnO 


X 


0 


Normal 


R, G, B, I output I 1 
OUT1 , OUT2 output | f 


0 


1 


Border including character 


R, G, B, I output r*H 
OUT1 , OUT2 output | L 


1 


1 


Border not including character 


r, g, b, i output rn 

OUT1, OUT2 output _T~LJ |_ 



X An X indicates either "0" or "1" 



7 0 

Border selection register (address 00E5 16 ) 



Block 1 OUT output border selection bit 

0 : The same as R, G, B is output 

1 : Border is output 

Block 1 output switch bit 

0 '. Border including character 

1 : Border only 

Block 2 OUT output border selection bit 

0 : The same as R, G, B is output 

1 ! Border is output 

Block 2 output switch bit , 

0 : Border including character 

1 : Border only 

Block 3 OUT output border selection bit 

0 : The same as R, G, B is output 

1 '. Border is output 

Block 3 output switch bit 

0 '. Border including character 

1 : Border only 



Fig. 29 Structure of border selection register 
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(9) CRT Output Pin Control 

CRT output pins R, G, B, I, and OUT1 become output en- 
able by setting bit 6 of CRT port control register. OUT2 is 
in common with port P3 0 . This pin become output enable 
when bit 7 of CRT port control register is set after setting 
bit 0 of port P3 directional register. 

The polarities of CRT outputs (R, G, B, I, and OUT1, as 
well as Hsync and V SYN c) can be specified by using the 
CRT port control register (address 00EC 16 ). 
Use bits 0 to 4 in the CRT port control register to set the 
output polarities of Hsync» Vsync» 

R/G/B, I, and OUT1. 
When these bits are cleared to "0", a positive polarity is 
selected; when the bits are set to "1", a negative polarity is 
selected. 

Figure 30 shows the structure of the CRT port control reg- 
ister. 



(10) OUT2 Control 

Because function selection (such as character or blank out- 
put control, border selection, etc.) of OUT1 is the same as 
that of OUT2, OUT2 outputs the same data of OUT1. 
OUT2 can output characters in specified character area by 
specifying bit 4 of RAM for display. This function is no use 
when blank output is setting by color register. 



7 0 



CRT port control register (address 00EC 16 ) 



Hsync input polarity selection bit 

0 : Positive polarity 

1 : Negative polarity 

Vsync input polarity selection bit 

0 '. Positive polarity 

1 '. Negative polarity 

R/G/B output polarity selection bit 

0 : Positive polarity 

1 Negative polarity 

I output polarity selection bit 

0 : Positive polarity 

1 : Negative polarity 

OUT1 output polarity selection bit 

0 : Positive polarity 

1 : Negative polarity 

OUT2 output polarity selection bit 

0 : Positive polarity 

1 '. Negative polarity 

CRT output enable bit 

0 : Output disable 

1 : Output enable 

P3 0 /OUT2 function selection bit 

0 : P3 0 output 

1 : OUT2 output 



Fig. 30 Structure of CRT port control register 
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WATCHDOG TIMER 

The watchdog timer provides a method of returning to reset 
status if a runaway or other cause prevents a program from 
running a loop normally. 

The watchdog timer is a 15-bit counter consisting of a low- 
er seven bits and an upper eight bits (address 00EF 16 ). At 
reset or after the watchdog timer is written to L 7FFF 16 is set 
in this timer and it starts to count. 

When the MSB reaches "0", an internal reset is generated. 
Therefore programs should normally be written to ensure 
that the watchdog timer is written to before this bit reaches 



"0". If address 00EF 16 is read, the value in the upper eight 
bits of the counter is read. Directly after a reset, the watch- 
dog timer is stopped. 

The count source of the lower seven bits is a signal that is 
the system clock <f> divided by eight. The count source of 
the upper eight bits can be selected as either the overflow 
signal from the 7-bit counter or a signal that is the system 
clock <f> divided by eight, depending on the value of bit 3 of 
the CPU mode register (address 00FB 16 ). 



System clock <f> 



Data bus 



WDTL(7) 



CM; 

Watchdog timer(15) 









WDT overflow signal 


WDTH(8) 









CPU 





Internal reset signal 



Reset circuit 



Fig. 31 Block diagram of runaway detection function 



f(x IN ) 



j 



r 



= 2// sec (f(X, N )=4MHz) 



Internal reset signal 



WDT overflow 



Fig. 32 Timing diagram of internal reset signal 
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RESET CIRCUIT 

The M371 20M6-XXXFP is reset according to the sequence 
shown in Figure 34. It starts the program from the address 
formed by using the content of address FFFF 16 as the high 
order address and the content of the address FFFE 16 as the 
low order address, when the RESET pin is held at "L" level 
for no less than 2/us while the power voltage is between 4 
and 5.5V and the crystal oscillator oscillation is stable and 
then returned to "H" level. 





Address 






(1 ) Port P 0 directional register 


(DO )(C 1 16 ) 


| o 0 16 


1 


(2) Port P 1 directional register 


( D 1 )(C3 16 ) 


| o 0 16 


1 


(3) Port P 2 directional register 


(D 2 )(C 5 16 ) 


o 0 16 


1 


(4) Port P 3 directional register 


(D 3 )(C 7 16 ) 


o 0 16 


1 


(5) Port P 4 directional register 


(D4)(C9 16 ) 


| o 0 16 


1 


(6) A-D control register 


(D3 16 ) 


I I I l°h|o 


o|o| 


(7) INT edge selection register 


( D 4 16 ) 


I I I I 


o|o| 


(8) D-A conversion register 5 


( D 6 16 ) 


0 0 16 


1 


(9) D-A conversion register 4 


( D 7 16 ) 


o 0 16 


1 


(10) D-A conversion register 3 


( D 8 ie) 


| o 0 16 


1 


(11) D-A conversion register 2 


( D 9 is) 


I o 0 16 


1 


(12) D-A conversion register 1 


(DA 16 ) 


| o 0 16 


1 


(13) D-A conversion register 0 


(DB 16 ) 


| 0 0 n6 


1 


(14) Serial I/O 1 mode register 


(SM1) (DC 16 ) 


I | o 1 0 1 0 1 0 


0 0 


(15) Serial I/O 2 mode register 


(SM2) (D E 16 ) 


I I I o 1 0 1 0 1 0 


0 0 


(16) CRT port control register 


(EC 16 ) 


0 0 16 




(17) Display block counter 


( E B 16 ) 


III | o 1 0 


0 1 0 1 


(18) CRT control register 


( E A 16 ) 


o 0 16 




(19) Color register 3 


( E 9 16 ) 


1 0 [ 0 j 0 [ 0 


0 1 0 1 


(20) Color register 2 


( E 8 16 ) 


1 0 ( 0 1 0 1 0 


0 1 0 1 


(21) Color register 1 


( E 7 16 ) 


I | o [ 0 1 0 1 0 


0 0 


(22) Color register 0 


( E 6 16 ) 


) 0 1 0 1 0 1 0 


0 1 0 | 


(23) Horizontal position register 


( E 0 16 ) 


| 0O 16 




(24) Watchdog timer 


( E F 16 ) 


| F F 16 




(25) Timer 1 2 mode register 


(T12M)(F 8 16 ) 


I I ] o 1 0 1 0 1 0 


o|o 


(26) Timer 34 modu register 


(T34M)(F 9 16 ) 


I I I I 00 


0 1 0 1 


(27) CPU mode register 


(CM)(F B 16 ) 


1 1 1 1 1 1 1 1 ] 1 1 


o | o| 


(28) Interrupt request register 1 


(FCJ 


0 0, 6 




(29) Interrupt request register 2 


(F D 16 ) 


I I I | o 1 0 1 0 


0 1 0 1 


(30) Interrupt control register 1 


( F E 16 ) 


' 0 0, 6 




(31) Interrupt control register 2 


( F F 16 ) 


I j o 1 0 1 0 


0 0 


(32) Processor status register 








(33) Program counter 


(PC H ) 


I Contents of add 
I FFFF,6 






(pc l ) 


1 Contents of address 1 
1 FFFE 16 1 


Note '. Since the contents of both registers other 


than those 


listed 


above (including timers and the serial I/O 


register) and the 


RAM are undefined at reset, it i 


s necessary t 


d set initial values. 



Fig. 33 Internal state of microcomputer at reset 



The internal initializations following reset are shown in Fi- 
gure 33. 

Immediately after reset, the count of X| N is stopped and 
X C in divided by 2 is selected as an internal clock. FF 16 is 
set timer 3 and 07 16 is set to timer 4 and timer 3 and timer 
4 are connected. Also X C in divided by 16 is selected as the 
timer 3 count source. Reset is cleared by timer 4 overflow. 
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f(x IN ) 



RESET 



_f 



Internal RESET 



SYNC 



__jiuul 



00. SXOO,S-1XO, S-3(FFFE YFFFFXXBr') 



Reset address from the vector table 



32768 count of f(X CIN ) 



Note 1 : Frequency relation of f(X c , N ) and <t> is f(X C iN) = 2 • <t> 
2 : The mark " ? " means that the address is change-able 
depending on the previous state 



Fig. 34 Timing diagram at reset 



I/O PORTS 

(1) PortPO 

Port P0 is an 8-bit I/O port with CMOS outputs and 
pull-up transistor options available. As shown in Figure 
3, P0 can be accessed as memory through zero page 
address 00C0 16 . Port PO's directional register allows 
each bit to be programmed individually as input or out- 
put. The directional register (zero page address 
00C1 16 ) can be programmed as input with "0", or as 
output with "1". When in the output mode, the data to 
be output is latched to the port register and output. 
When data is read from the output port, the otuput pin 
level is not read, only the latched data of the port reg- 
ister is read. Therefore, a previously output value can 
be read correctly even though the output voltage level 
has been shifted up or down. Port pins set as input are 
in the high impedance state so the signal level can be 
read. When data is written into the input port, the data 
is latched only to the output register and the pin still 
remains in the high impedance state. 

(2) PortPI 

Port P1 has the same function as P0. 

(3) PortP2 

Port P2 has the same function as P0. 

(4) Port P3 

Port P3 has the same functions P0 except that part of 
P3 is common with the CRT output pin and counter in- 
put pin. 



(5) Port P4 

Port P4 has the same function as P0. The output struc- 
ture is N-channel open drain. 

(6) PortP6 

Port P6 has the same functions as P0. The lower 4-bit 
of this port are in common with interrupt input pins and 
the higher 4-bit of this port are in common with analog 
input pins. 

(7) PortP7 

Port P7 is a 4-bit input port This port is in common with 
analog input pins. 

(8) I/O pins for CRT display function 

Hsync. Vsync are input pins for deciding the display 
location. R, G, B, I, OUT1 and OUT2 are output the pat- 
tern of CRT display. 
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• Port PO, P1, P2, P3 



Data bus - 



Directional register 



Data register 



• Port P6 0 , P61, P6 2 , P6 3 



• Port P6 4) P6 5l P6 6 , P6 7 , P7 



Phase selection bit 



INT input 
Data bus 




-o 



Data bus - 



Port read signal 

Analog input — ^] 

Channel select signal 



-o 



• Hsync. Vsync input 



■ R, G, 6, I, OUT1 output 



-e- 



-o 



-O 



Fig. 35 Block diagram of Ports PO, P1, P2, P3, P6, P7, H SYNC , V SY nc, R. G, B, I, OUT1 
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• Port P4 0 , P4 4 



• Port P4l P4 5 



■ Port P4 2l P4 6 



• Port P4 3 , P4 7 



Data bus 



»|Directional register |- 



Data register 



1 



Serial I/O input 



-O 



» |Directional register} - 




Serial I/O output 



Serial I/O selection bit 



Data bus - 



Directional register^ 



Data register [- 




t 



Serial I/O clock output 



^1 



Serial I/O selection bit 
External clock input 



-5> |Directional register^ 



Data bus 




S R dy output selection bit 



Fig. 36 Block diagram of Ports P4 
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CLOCK GENERATING CIRCUIT 

The M37120M6-XXXFP has two internal clock generating 
circuits. Figure 40 shows a block diagram of the clock 
generating circuits. Normally, the frequency applied to the 
clock input pin X, N divided by two is used as the internal 
clock (timing output) <f>. Bit 7 of CPU mode register can be 
used to switch the internal clock $ to 1/2 the frequency ap- 
plied to the clock input pin X C | N - 

Figure 37 shows a circuit example using a ceramic (or 
crystal) oscillator. Use the manufacturer's recommended 
values for constants such as capacitance which will differ 
depending on each oscillator. When using an external clock 
signal, input from the X )N (X C)N ) pin and leave the X OU t 
(Xcout) pin open. A circuit example is shown in Figure 38. 
An external clock signal cannot be supplied to the X C in pin 
open. 

The M37120M6-XXXFP has two low power dissipation mod- 
es; stop and wait. The microcomputer enters a stop mode 
when the STP instruction is executed. The oscillator (both 
X| N clock and X C in clock) stops with the internal clock 4> 
held at "H" level. In this case timer 3 and timer 4 are forc- 
ibly connected and <f>/8 is selected as timer 3 input. When 
restarting oscillation, FF 16 is automatically set in timer 3 and 
07 16 in timer 4 in order to enable the oscillator to stabilize. 
Before executing the STP instruction, the timer 3 count stop 
bit and timer 4 count stop bit must be set to supply ("0"), 
timer 3 interrupt enable bit and timer 4 interrupt enable bit 
must be set to disable ("0"). 

Oscillation is restarted (release the stop mode) when INT, 
or serial I/O interrupt is received. The interrupt enable bit 
of the interrupt used to release the stop mode must be set 
to "1 ". When restarting oscillation with an interrupt or reset, 
the internal clock <f> is held "H" until timer 4 overflows and 
is not supplied to the CPU. 

The microcomputer enters an wait mode when the WIT in- 
struction is executed. The internal clock <f> stops at "H" 
level, but the oscillator does not stop. i> is re-supplied (wait 
mode release) when the microcomputer is reset or when it 
receives an interrupt. 

Instructions can be executed immediately because the 
oscillator is not stopped. The interrupt enable bit of the in- 
terrupt used to reset the wait mode must be set to "1" be- 
fore executing the WIT instruction. 

Low power dissipation operation is also achieved when the 
X| N clock is stopped and the internal clock <t> is generated 
from the X C | N clock (36M or less at f(X C i N )=32kHz, V cc = 
3V). X| N clock oscillation is stopped when the bit 6 of CPU 
mode register (address 00FB 16 ) is set and restarted when 
it is cleared. However, the wait time until the oscillation sta- 
bilizes must be generated with a program when restarting. 
Figure 41 shows the transition of states for the system 
clock. 



M37120M6-XXXFP 

Xcin Xqout 




31 25i-^wsr426 



Fig. 37 Example ceramic resonator circuit 



M37120M6-XXXFP 

X|N Xqut X CtN XcQUT 



f 30 open 3 1 25 f Open 
External oscillating External oscillating circuit 
circuit or external pulse 



£juuuir I 



Fig. 38 Example clock input circuit 
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TIMER OSCILLATION CIRCUIT 

Power is supplied to the timer clock oscillation circuit via a 
step-down regulator circuit to reduce the power consump- 
tion when the M371 20M6-XXXFP is operating in timer 
mode. Since this step-down regulator circuit reduces the 
voltage applied to the V C c pin to 1.4V (standard), the user 
can design a low-power timer mode. Bit 5 (CM 5 ) of the 
CPU mode register can be used to provide two-stage set- 
ting for the oscillation circuit: low-power mode when CM 5 = 
0 and high-power mode when CM 5 =1. Note that high- 
power mode is set after a reset, so the program must switch 
to low-power mode to enable low-power-consumption mode, 
after allowing time for the oscillation to stabilize. 



CM 5 



Timer clock 
supply 
regulator 



Timer clock 
oscillation 
circuit 



FT 



Waveform 
shaping 
circuit 



Fig. 39 Block diagram of the timer clock oscillation 
circuit 




o 



^OUT 

o 



1/2 




1/2 



V |— CM 7 



System clock '"S source" 
stop b,t selection CM 7 



Q S 



R|— STP 
instruction 



WIT 
instruction 



Timer 3 



Timer 4 



Timer 3 count source 

selection T34M 0 



Timing <f> 
(internal clock) 



r-rftj-i 

S Q 1 I Q S 




Reset 



r — STP instruction 




Interrupt disable flag I 
Interrupt request 



Fig. 40 Block diagram of clock generating circuit 
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4MHz stop 
32kHz oscillation 
0=stop 
Timer 3 and 4 operation 



RAM backup mode 
4MHz stop 
32kHz stop 
0=stop 



Interrupt (Note 1 ) 



The above example assumes that signals of 4MHz and 32kHz are being applied to pins X, N X C | N respectively 4> signifies the internal clock. 
Note 1 : Approximately latency time are automatically generated upon release 
from the STP instruction due to connections of timer 3 and 4 
2 : The software must provided enough time for the oscillation (4MHz) to stabilize 



Fig. 41 Transition of states for the system clock 
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■<An example of flow for system^ 



Power on reset 
1 

Clock for clock function X c oscillation 
Internal system clock start (X c -*1/2-* <f>) 

The count start after the time 3 and 4 are connected (Count source is X c ) 
Timer 4 overflow 

I 

Internal reset released 

I 

Program start from RESET vector 



Normal program —Operating at 32kHz 



Xcout drive capacity selection bit clear (CM 5 = 0 ) 

Clock processing mital value is set (i e Timer 3 and 4 set the value. Timer 3 interrupt disable.) 

Clock X halt(X c in operation) 

Internal clock halt(WIT instruction) 
i 

•Timer 4 (clock count) overflow 
i 

Internal clock operation start (WIT instruction released) 



Clock processing routine 



- Operating at 32. 768kHz 



-Internal clock halt (WIT instruction) 
Interrupts from INJVINT3, serial 1/01, serial I/02, timer 3 
Internal clock operation start (WIT instruction released) 
Clock X oscillation start (CM 6 = 0 ) 



Oscillation rise time routine (software) 



—Operating at 32. 768kHz 



i 



Internal clock 0 source switching (X c — ^X)(CM 7 ' 1 -* 0 ) 



Normal program -^Operating at4MHz 



STP instruction preparation (pushing registers) 



Timer 3, timer 4 interrupt disable (IM 0 = 0 , TM^ 0 ). X C out drive capacity selection bit set (CM 5 = 1 ) 
Timer 3^ timer 4 count stop bit resetting (T34M 2 = 0 , T34M 3 = 0 ) 
Clock X and clock for clock function X c halt (STP instruction) 



RAM backup status 



Interrupts from INTVINT3, serial I/01, serial I/02 

Clock for clock function X c oscillation start (CM 6 = 0 : Clock X oscillation start) 

Timer 4 overflow (X c /8-*timer 3 -*timer 4) 
(Automatically connected by the hardware) 

Internal system clock start 

Program start from interrupt vector 



Normal program 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer is 1/(n+1 ). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program) , those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as an NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) After the ADC and SBC instructions are executed (in 
decimal mode) , one instruction cycle (such as an 
NOP) is needed before the SEC, CLC, or CLD instruc- 
tions are executed. 

(4) An NOP instruction must be used after the exection of 
a PLP instruction. 

(5) When the interrupt is processed, confirm the interrupt 
enable bit is enable state after into the interrupt 
routine. If so, check the request flag after that. 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1 ) mask ROM confirmation form 

(2) mask specification form 

(3) ROM data EPROM 3 sets 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V CC 


Supply voltage 


With respect to V S s 
Output transistors are 
at "off" state 


— 0. 3 to 7. 0 


V 


V, 


Input voltage RESET 


-0. 3 to 7. 0 


V 


v, 


Input voltage P0 0 -P0 7) P1 0 — PI7. P2 0 -P2 7 , 
P3 0 -P3 7) P4 0 -P4 7 , P60-P67, 
P7o~~P73, X| N( Xcin. 
Vref. Vsync. Hsync 


-0. 3 to Vcc+0. 3 


V 


V 0 


Output voltage X C out 


-0. 3 to 2. 5V (at high power mode) 


V 


-0. 3 to 1 . 5V ( at low power mode) 


V 0 


Output voltage P0 0 — P0 7l P1 0 — PI7, P2 0 -P2 7 , 

P3 0 -P3 7 , P4 0 -P4 7 , R, G, B, I, OUT1, 
Xqut. 0. D-Aouto to D-AquT5 


-0. 3 to Vcc+0. 3 


V 



RECOMMENDED OPERATING CONDITIONS 

(Vcc=AV C c=5V±10%, T a = — 10 to 70°C unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


V C c 


Supply voltage 


f(X, N )=4MHz (Note 1) 


4.0 


5.0 


5.5 


V 


f(X C | N )=32kHz(Note 2) 


2.5 


5.0 


5.5 


V SS 


Supply voltage 


0 


0 


0 


V 


V,H 


"H" input voltage P0 0 — P0 7 , P1 0 — PI7, P2 0 — P2 7 , 
P3 0 -P3 7 , P4 0 -P4 7l P60-P67, 
P7 0 -P7 3> X| N> OSC1, 
RESET, Hsync. Vsync 


0. 8V CC 




Vcc 


V 


V, L 


"L" input voltage P0 0 — P0 7 , P1 0 — P1 7 , P2 0 — P2 7 
P3 0 -P3 7 , P4 0 -P4 7 , P6 0 -P6 7l 
P7o~ "P73, X| N , OSC1, Hsync. Vsync 


0 




0. 2V CC 


V 


V, L 


"L" input voltage RESET 


0 




0. 15V CC 


V 


Vref 


Reference voltage input V RE f 


4.0 




Vcc 


V 


V, A 


Analog input voltage ANo~ AN 7 


0 




Vref 


V 


'oH(avg) 


"H" average output current P0 0 — P0 7 , P1 0 — P1 7 , 
( Note 3) P2o~ P2 7 , P3 0 ~ P3 7 , 
R, G, B, I, OUT1 






1 


mA 


'oL(avg) 


"L" average output current P0 0 — P0 7 , P1 0 — PI7, 
(Note 4) P2 0 -P2 7l P3 0 -P3 7 , 

P4 0 -P4 7) R, G, B, I, OUT1 






2 


mA 


f(x, N ) 


Clock oscillating frequency for main clock (Note 5) 






4.2 


MHz 


f(X c . N ) 


Clock oscillating frequency for clock function (Note 5) 






32. 768 


kHz 


f(OSC1) 


Clock oscillating frequency for OSD 


6.0 


7.0 


8.0 


MHz 



Note 1 At OSD operating, maximum value is 4. 5V 

2 : It is only at clock operation mode 

Any other operation mode, maximum value is 4. OV 

3 : The total of input current from IC should be 20mA max. 

4 : The total of input current from IC should be 30mA max. 

5 '. Oscillation frequency is at 50% duty cycle. 
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ELECTRICAL CHARACTERISTICS (V CC =AV CC =5V±10%, T a =-10 to 70°C unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max. 




"H" output voltage P0 0 — P0 7 , P1 0 — PI7, P2 0 — P2 7 , 
P3 0 -P3 7 , & R, G, B, I, 0UT1 


V cc =4. 5V 
Ioh=— 0. 5mA 


2.4 






V 


Vol 


"L" output voltage P0 0 — P0 7 , P1 0 — P17> P2 0 — P2 7 , 

rjn DO DA DA A. 

roo ro 7 , r4o — r4 7 , <p, 
R, G, B, I, 0UT1 


V cc =4. 5V 
l OL =0. 5mA 






0.4 


V 


v T+ - v T _ 


Hysteresis H S ync- V S ync. P6 0 — P6 3 , 

P4 0 , P4 2> P4 4> P4 6 , P3 4 (Note 1) 


V cc =5. 0V 




0.5 




V 


v T + - v T _ 


Hysteresis RESET 


V cc =5. 0V 




0.5 




V 


I.L 


"L" input current P0 0 — P0 7l P1 0 — PI7, P2 0 — P2 7 , 
P3 0 -P3 7 , P4 0 -P4 7 , P60-P67, 
P7o P73, Hsync> Vsynci RESET 


V cc =5. 5 V 

V, =ov 






5 




Iih 


"H" input current P0 0 — P0 7 , P1 0 — P1 7 , P2 0 — P2 7 , 
P3 0 -P3 7 , P4 0 -P4 7) P6 0 -P6 7 , 
P7 0 -P7 3 , Hsync, Vsync, RESET 


V cc =5. 5V 
V, =5. 5V 






5 


MA 


Vram 


RAM retention voltage 


At stop mode 


2.0 




5.5 


V 


'cc 


Supply current 


At system operation, 
X| N =4MHz, X C | N =32kHz, 
f(OSCl) = 7MHz, 

Output transistors are at "off" state 




13 


24 


mA 


At system operation, V C c = 3 0V, 

X| N =stop, X C iN— 32kHz, 

Output transistors are at "off" state 




18 


36 


MA 


At low— speed operation mode, Vcc = 3 0V, 

X| N =stop, X C iN=32kHz, 

At wait rnode (CM 5 =0), 

Output transistors are at "off" state 




2 


8 


At stop mode, 

X|N = XciN = StOp, 

Output transistors are at "off" state 




1 


10 


Ucc 


Analog power supply 






0.5 


1.0 


mA 



Note 1 ' P4 0 , P4 2 , P4 4 , P4 6 have the hysteresis only when these are used for serial I/O pins 
P3 4 has the hysteresis only when this is used for a timer input pin 



A-D CONVERTER CHARACTERISTICS 

(Voo=AV 00 = 5V, V ss =AV S s=0V, T a =25 - C, f(X, N )= 4 MHz unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 




Resolution 








8 


Bits 




Absolute accuracy 


Vcc=AV cc =V REF =5. 0V 




±1.5 


±3.0 


LSB 


Tconv 


Conversion time 








24.5 


/us 


V 1A 


Analog input voltage 




AV SS 




V REF 


V 


v REF 


Reference input voltage 




4.0 




V CC 


V 


^LADDER 


Ladder resistance value 


Vref=5.0V 




40 




kn 


Ivref(ad) 


Reference input current (Note 1) 


V REF =5.0V 






0.3 


mA 


Vavcc 


Analog power supply input voltage 






Vcc 




V 


Vavss 


Analog power supply input voltage 






0 




V 



Note 1 : The total of I V ref is the sum of Ivref(ad) and Ivref(da)- 
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D-A CONVERTER CHARACTERISTICS 

(Vcc=AV C c= 5 V, V S s=AVss= 0 V, T a =25°C, f(X, N )= 4 MHz unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ. 


Max 




Resolution 








8 


Bits 




Full scale deviation 


Vcc=AV cc =V R ef=5.0V 






1.0 


% 


T su 


Set time 








3 


us 


v REF 


Reference input voltage 




4 




V C c 


V 


Rout 


Output resistance 




1 


2 


4 


kn 


Vavss 


Analog power supply input voltage 






0 




V 


'VREF(DA) 


Reference power input current (Note 1 ) 




0 


2.5 


5.0 


mA 



Note 1 ' The total of I VRE f is the sum of I V ref(ad) and Ivref(da)- 

'vref(da) is the reference power input current flowing when channel 1 of the DA converter is operating. (The other five DA converter register 
values are 00 16 ) 
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DESCRIPTION 

The M37408M2-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
42-pin shrink plastic molded DIP. This single-chip micro- 
computer can be used as a slave-microcomputer for com- 
munication applications. 

In addition to its simple instruction set, the ROM, RAM, and 
I/O addresses are placed on the same memory map to en- 
able easy programming. 

The differences between the M37408M2-XXXSP and the 
M37408M2-XXXFP are the package and the power dissipa- 
tion capability (absolute maximum ratings). 

FEATURES 

• Number of basic instructions 69 

• Memory size ROM 4096 bytes 

RAM 128 bytes 

• Instruction execution time 

•••0. 8/iS (minimum instructions at 10MHz frequency) 

• Single power supply f(X, N )=10MHz 5V±10% 

• Power dissipation 

normal operation mode (at 10MHz frequency) •• 50mW 

• Subroutine nesting 64 levels (Max.) 

• Interrupt 6 types 

• 8-bit timer 1 

• UART (Full-duplex) 1 channels 

• Dual -port RAM 64 bytes 

• Communication registers 

Access flag 64 bits 

Collision detect register 4-bitX1 

IPC* semaphore register 3-bitX1 

IPC mode register 8-bitX2 

IPC error register 8-bitX2 

• Programmable I/O ports 

(Ports PO, P1, CTS) 15 

• Bus interface 

Address bus 7 

Data bus 8 

Control signal ( WR, RD, CS) 3 " 

APPLICATION 

Office automation equipment 



PIN CONFIGURATION (TOP VIEW) 
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FUNCTIONS OF M37408M2-XXXSP 



Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


0. 8^s (minimum instructions, at 10MHz frequency) 


Clock frequency 




Memory size 


ROM 


4096 bytes 


RAM 


1 28 bytes 


Input/Output ports 


P0 0 ~P0 7 


I/O 


8-bitX1 (System bus I/O) 


P1 0 ~P1 5 


I/O 


6-bitX1 (Local bus I/O, System bus input) 


CTS 


I/O 


1-bit (Common with UART transmit control input) 


Bus interface 


Ao~Ae 


Input 


7-bitX1 


D 0 ~D 7 


I/O 


8-bitX1 


RD, WR, CS 


Input 


1-bitX3 


UART 


1 (with programmable baud rate generator) 


Timer 


8-bitX1 (with 8-bit prescaler) 


Interrupt 


1 system bus (IPCMO) interrupt, 2 UART interrupts, 1 timer interrupt, 1 collision in- 
terrupt 


Dual-port RAM 


64 bytes 


Communication 
registers 


Access flag 


64 bits 


Collision detect register 


4-bitX 1 


IPC semaphore register 


3-bitX 1 


IPC mode register 


8-bitX2 


IPC error register 


8-bitX2 


Subroutine nesting 


u*t icvclo / 


Clock generating circuit 


Built-in (externally connected ceramic or quartz crystal) 


Supply voltage 


5V±10% 


Power dissipation 


at operation 


50mW 


at wait mode 


5mW 


at stop mode 


T a =25°C 


0. 05mW 


T a =70°C 


0. 5mW 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate process 


Package 


M37408M2-XXXSP 


42-pin shrink plastic molded DIP 


M37408M2-XXXFP 


44-pin plastic molded QFP 



A MITSUBISHI 
ELECTRIC 



3-49 



MITSUBISHI MICROCOMPUTERS 

M37408M2-XXXSP/FP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc, 
V SS 


Supply voltage 




Power supply inputs 5V±10% to V C c. and OV to V ss 


CNVss 


CNVss 




This is usually connected to V S s- 


RESET 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2//s (under normal V C c 
conditions) If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time. 


X|N 


Clock input 


Input 


This chip has an internal clock generating circuit To control generating frequency, an external ceramic or a 
quartz crystal is connected between the X| N and Xout pins. If an external clock is used, the clock source 
should be connected to the X m pin and the Xout pin should be left open. 


XoUT 


Clock output 


Output 


<t> 


Timing output 


Output 


This is the timing output pin 


P0 0 ~P0 7 


I/O port PO 


I/O 


Port PO is ah 8-bit I/O port with a directional register which allows each I/O bit to be individually program- 
med as input or output This port is connected only to the system bus, and can not be accessed from the 
local bus At reset this port becomes input mode. The output structure is CMOS 


P1 0 ~P1 5 


I/O port P1 ' 


I/O 


Port P1 is an 6-bit I/O port and has basically the same functions as port PO This port is connected to the 
local bus and can be used as only input port from the system bus The output structure is CMOS output 


T X D 


UART transfer output 


Output 


These are UART transfer data output pins. 


RxD 


UART receive input 


Input 


These are UART receive data input pins 


CTS 


UART transfer control 
input 


I/O 


These are UART transfer control signal input pins and can be used as I/O port which have basically same 
function as port P1 . 


CLK 


UART clock input 


Input 


This port is an external clock input pin for baud rate 


A 0 ~A 6 


Address input 


Input 


This port is input for system address 


D 0 ~D 7 


Data input/output 


I/O 


This port is input or output the system data. 


CS 


Chip select 


Input 


System data can be read or written by inputting "L" to this port 


RD 


Read control input 


Input 


Memory or register data specified by A 0 ~A 6 is read from D 0 ~D7 by inputting "L" to this port 


WR 


Write control input 


Input 


Data input from D 0 ~D 7 is written to memory or register specified by A 0 ~A 6 by inputting "L" to this port 
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FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 

The M37408 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 
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ADDRESS AREA 

M37408M2-XXXSP has two buses; the local bus connected 
to the CPU of its own, and the system bus connected to the 
CPU of the external master computer. There are two cor- 
responding address area. 

The local bus has thirteen address buses and eight data 
buses. The address area, which is 8192 bytes, is addresses 
from 0000 16 to 1 FFF 16 . 

For this local bus area, addresses 1000 16 to 1FFF 16 are 
assigned to the built-in ROM area which consists of 4096 
bytes. 

The system bus has seven address buses and eight data 
buses. The address area, which is 128 bytes, is addresses 
from 00 16 to 7F 16 . 

The internal memories and registers are connected to one 
or both of these buses. Therefore, it is necessary, in writing 
programs, to know the operation of each functional block as 
well as to which bus the memories and registers are con- 
nected at what addresses. 



MEMORY 

• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 

• RAM 

RAM is used for data storage as well as a stack area. 

• ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 

• Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 

• Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

• Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 



RAM 

(128 bytes) 



ROM 

(4096 bytes) 



0000! 6 

007F 16 
0OD0 16 
00D7 16 

00E0 16 
00FF 16 

0280 16 

02BF 16 
1000 16 

<J 1F00 16 

1FEC 16 
^ 1FFF 16 



Not used 



Access flag 



Not used 



SFR area 



Dual-port RAM 
(64 bytes) 



Not used 



Interrupt vector area 



Zero 
page 




Address area apply to local bus 



00 16 
40 16 

50 16 
58 16 

75 16 
76 16 
77 16 
78 1£ 
79 1f 
7A 16 
7B 1€ 
7C 1C 
7D 1f 
7E 1f 
7F 1£ 



Dual-port RAM 
(64 bytes) 



Not used 



Access flag 



Port P0 directional register 

IPC mode register 0/ 
IPC error register 0 



IPC mode register 1/ 
IPC error register 1 



Collision detect register 



IPC semaphore register 



Address area apply to system bus 



Fig. 1 Memory map 
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OOE0 16 


Port P1 


00F0 16 


IPC mode register 0 


00E1 16 


Port P1 directional register 


00F1 16 




00E2 16 


Dual-port RAM direction specify register 


00F2 16 




00E3 16 




00F3 16 


IPC mode register 1 


00E4 16 




00F4 16 


IPC error register 0 


00E5 16 




00F5 16 




00E6 16 




00F6 16 




0OE7 16 




00F7 16 


IPC error register 1 


00E8 16 




00F8 16 




00E9 16 




00F9 16 


IPC semaphore register 


00EA 16 




00FA 16 


Collision detect register 


00EB 16 




00FB 16 


Interrupt enable register 


00EC 16 


UART receive/transfer buffer register 


00FC 16 


Interrupt request register 


00ED 16 


UART status register/ UART mode register 


00FD 16 


Prescaler X 


00EE 16 


UART control register 


00FE 16 


Timer X 


00EF 16 


UART divider for baud rate generate 


00FF 16 


Timer control register 



Fig. 2 SFR (Special Function Register) memory map 
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Bus Interface 

M37408M2-XXXSP has the bus interface to operate itself 
by the control signal sent from the master CPU. The master 
GPU can access the memories and registers located in the 
system address area described below via this bus inter- 
face. The bus interface has address pins A 0 to A 6 , data pins 
D 0 to D 7 , and three controls signals CS, WR, and RD which 
can be directly connected to TTL. 

Driving the CS pin to "L" put this microcomputer in the 
read/write enabled state. When writing data from the mas- 



ter CPU, specify the address by A 0 ~A 6 and set WR to "L", 
and the data at D 0 ~D 7 is written to the specified address. 
When reading data, specify the address by A 0 ~A 6 and set 
RD to "L", and the contents of the specified address are 
output to D 0 ~D 7 . 

Driving the CS pin to "H" puts the M37408M2-XXXSP in the 
state which does not allow the read and write operations 
from the master CPU. At this time, the outputs of D 0 to D 7 
are in the floating state. 

Figure 3 shows the block diagram of the bus interface. 



Local bus 



IPC error register 0(8) 
IPC error register 1 (8) 



IPC mode register 0(8) 



IPC mode register 1(8) 



/8 



Access fla 
64 bits 



Dual-port 

RAM 
64 bytes 



IPC 
semaphore 
register (3) 



Collision detect 
register (4) 



System bus 



Bus interface 



o o 6 

CS RD WR 




0 0 0 

A 0 ~A 6 D 0 ~D 7 



/2 



Fig. 3 Block diagram of bus interface 
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Dual-port RAM 

The dual-port RAM, which is 64 bytes, is the memory which 
allows the read/write operation from both the local and sys- 
tem buses independently. From the local bus, it is allocated 
at addresses 0280 16 to 02BF 16 ; from the system bus, 
addresses 00 16 to 3F 16 . Table 1 shows the result when the 
write and read operations from both buses compete at the 
same address. 



Table 1. Result obtained by simultaneously accessing 
the same address from the system and local 
buses 





Write 


Read 


Simultaneous read from both 
buses 




Correct data 


Simultaneous write from both 
buses 


Unpredictable 




Read from one bus, write 
from the other 


Correct data 


Uncertain 



[Access flag] 

Local bus ! address 00D0 16 ~00D7 16 
System bus : address 50 16 ~57 16 
The access flag arbitrates the access to the dual-port RAM. 
One bit of access flag is allocated to one byte of dual port 
RAM, amounting 64 bits (8 bytes) in total. The access flag 
can be read from both the system and local buses. Figure 4 
shows the relationship between each byte of the dual port 
RAM and each bit of the access flag. Each bit is cleared to 
"0" when an access to read is made to the dual port RAM 
from either bus, it is set to "1" when an access to write is 
made. If an access to read from one bus and an access to 
write from the other compete at the same address of the 
dual port RAM, the values of the corresponding access 
flags are uncertain., At reset, all access flags are cleared to 
"0". 



[Dual-port RAM direction specify register] 

Local bus : address 00E2 16 
This register specifies that the read operation of which bus 
clears each bit of the access flag. One bit of this register 
corresponds to 32 bytes of the dual-port RAM (32 bits of 
the access flag). This register consists of two bits. Each ac- 
cess flag is cleared by the read operation from the system 
bus when the corresponding dual-port RAM direction spe- 
cify register is "0"; when it is "1", each access flag is 
cleared by the read operation from the local bus. As for a 
write operation, the access flag is set regardless of which 
bus has made it. Table 2 shows the relationship between 
each bit of the dual-port RAM direction specify register and 
the dual-port RAM and the access flag. At reset, all bits are 
cleared to "0". 



Fig. 4 Correspondence between each byte of dual-port 
RAM and each bit of access flag 



access flag 



Local bus 
address 


System bus 
address 


7 














0 


00D0 16 


50 16 


07 


06 


05 


04 


03 


02 


01 


00 


00D1 16 


5116 


OF 


0E 


OD 


OC 


0B 


OA 


09 


08 


00D2 16 


52 16 


17 


16 


15 


14 


13 


12 


11 


10 






(Note) 


00D7 16 


57 16 


3F 


3E 


3D 


3C 


3B 


3A 


39 


38 


(Note) 


The numeric 


shows 


the 


system 


bus 







address of dual-port RAM corresponds to 
each access flag Dual-port RAM direc- 
tion specify register specifies which bus 
read-out resets the access flag bit 



Table 2. Correspondence among each bit of dual-port RAM direction specify register, dual-port RAM and access 
flag 



Dual-port RAM direction 
specify register 


Dual-port RAM 


Access flag 


Local bus address 


System bus address 


Local bus address 


System bus address 


bit 4 


0280 16 ~029F 16 


00 16 ~1F 16 


00D0 16 ~00D3 16 


50 16 ~53 16 


bit 5 


02A0 16 ~02BF 16 


20 16 ~3F 16 


00D4 16 ~00D7 16 


54 16 ~57 16 
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! 

[IPC mode register, IPC error register] 

Local bus : address 00F0 16 ~00F7 16 
System bus '. address 78 16 ~7B 16 
IPC mode registers 0~1 (IPCM0~IPCM1) and IPC error 
registers 0~1 (ERR0~ERR1) are the 8-bit registers which 
can be set by the user without restriction. IPC mode regis- 
ters 0 ~ 1 are used to specify the mode setting such as 
UART from the external master CPU via the system bus. 
IPC error registers 0~1 are used to indicate the error found 
on the local CPU to the outside via the system bus. On the 
system bus, IPC mode registers 0~1 and IPC error regis- 
ters 0~1 share two bytes of the same address, with the for- 
mer being for write only and the latter for read only. On the 
local bus, the former is for read only and the latter is for 
both read and write. 

The data written from the system bus to IPC mode registers 
0~ 1 can be read from the local bus only. If an access to 
read or write is performed from the system bus on IPC 
mode register 0/IPC error register 0, an interrupt request 
(IPCMO) is caused. 

When IPC error registers 0~1 are accessed for read from 
the system bus, only the bits which are found "1" are reset 
by hardware. When these registers are read from the local 
bus, their values remain unchanged. 

[IPC semaphore register] 

Local bus address 00F9 16 
System bus i address 7F 16 
This register is for handshaking with the master CPU and 
consists of block semaphore flags (BS 4 ~BS 5 ) and the 
ready flag (RDY). BS 4 ~BS 5 can be read/written from both 
the local and system buses. RDY can be read/written from 
the local bus and read only from the system bus. With this 
register, all bits can be read at a time but, in a write opera- 
tion, only one bit can be written at a time. The low-order 
three bits of the data to be written are used to specify to 
which register bit the data is to be written. Bit 7 is used to 
specify whether to write "1" or "0". At reset, all bits are 
cleared to "0". 

RDY is cleared to "0" also when an access to write is per- 
formed by the system bus on IPC mode register 0. 



[Collision detect register] 

Local bus : address 00FA 16 
System bus : address 7E 16 
This register consists of two bits of collision detect flags 
(CD4—CD5), the collision interrupt enable bit, and collision 
interrupt request bit. The collision detect flags are set when 
an access to read is performed by the system bus on the 
same address on the dual port RAM to which the local bus 
is writing data. These flags indicate that the data read by 
the master CPU may be incorrect. When these flags are 
set, a collision detect interrupt request occurs. 
Each collision flag corresponds to each 32 bits of the dual 
port RAM. The flag bit corresponding to the address at 
which access competition occurred is set. The relationship 
between the flag bits and the dual port RAM is shown in 
Table 3. These flags can be read from both buses. All bits 
are cleared when read from the system bus or at reset. 
The collision interrupt enable bit can be read/written from 
the local bus. When it is read from the system bus, "0" is 
always output. The collision interrupt request bit can be 
read only from the local bus. Only "0" can be written. 



Table 3. Correspondence between collision detect flag 
and dual-port RAM 



Collision detect 
flag 


Dual-port RAM 


Local bus address 


System bus address 


CD 4 


0280 16 ~029F 16 


00 16 ~1F 16 


CD 5 


02A0 16 ~02BF 16 


20 16 ~3F 16 



7 0 

I I | I | 1 1 | Collision detect 
0 0 0 0 register 



Collision detect flag 



Collision interrupt enable bit 

0 : Interrupt disable 

1 : Interrupt enable 

Collision interrupt request bit 

0 No interrupt request 

1 '. With interrupt request 



Fig. 6 Structure of collision detect register 









BS 4 










IPC semaphore 


RDY 


0 


BS 5 


0 


0 


0 


0 


















register 



- Block 

semaphore 

flag 
-Ready flag 



Fig. 5 Bit structure of IPC semaphore register 
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INTERRUPT 

Interrupts can be caused by 6 different events. 
Interrupts are vectored interrupts with priorities shown in 
Table 4. Reset is also included in the table because its op- 
eration is similar to an interrupt. 

When an interrupt is accepted, the registers are pushed, 
interrupt disable flag I is set, and the program jumps to the 
address specified in the vector table. The interrupt request 
flag is cleared automatically. The reset and BRK instruction 
interrupt can never be inhibited. Other interrupts are dis- 
abled when the interrupt inhibit flag is set. 
All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. 
Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is "1 ".interrupt 
request bit is "1", and the interrupt inhibit bit is "0". The in- 
terrupt request bit can be reset with a program, but not set. 
The interrupt enable bit can be set and reset with a 
program. 

Reset is treated as a non-maskable interrupt with the high- 
est priority. Figure 7 shows interrupts control. 
All interrupt request bits except the collision interrupt are in 
the interrupt request register (address 00FC 16 ). The colli- 
sion interrupt request bit is in the collision detect register 
(address 00FA 16 ). The interrupt request bit is set when the 
following conditions occur: 

(1 ) When the data is set to receive buffer of UART 

(2) When the master CPU accesses the IPC mode/IPC 
error register 0 through bus interface 

(3) When the contents of the timer X goes to "0" 

(4) When one of the bit 4~bit 5 of the collision detect reg- 
ister is set to "1 " 

(5) When the data is set to transmit buffer of UART 



There are two interrupt enable bits for each interrupt ex- 
cept collision interrupt. One is in interrupt enable register 
(address 00FB 16 ) , the other is in UART control register 
(address 00EE 16 ) or timer control register (address 
00FF 16 ) . Interrupts are become enable when these two en- 
able bits are both "1". The collision interrupt enable bit is in 
bit 6 of collision detect register. 

UART transmit interrupt is controlled by CTS function select 
bit and CTS pin input (see UART section). 
Since the BRK instruction interrupt and the UART transmit 
interrupt have the same vectored address, the contents of 
the B flag must be checked to determine if the BRK in- 
struction caused the interrupt or if UART transmit generated 
the interrupt. 



Table 4. Interrupt vector address and priority 



Interrupt 


Priority 


Vector addresses 


RESET 


1 


1FFF 16) 1FFE 16 


UART receive 


2 


1FF9 16) 1FF8 16 


IPCMO 


3 


1FF7 n6> 1FF6 16 


Timer X 


4 


1FF5 16> 1FF4 16 


Collision 


5 


1FF3 16l 1FF2 16 


UART transmit/ 
BRK instruction 


6 


1FED 16> 1FEC 16 
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CTS 



m 



rr 




Interrupt request l interrupt disable flag I 

- Reset 



UART control register (address 00EE 16 ) 
bit 4 '. CTS pin function select bit 
bit 3 : UART receive interrupt enable bit 
bit 1 : UART transmit interrupt enable bit 
bit 0 : UART transmit enable bit 



Interrupt request register (address 00FC 16 ) 

bit 5 : UART receive interrupt request bit 

bit 4 : IPCMO interrupt request bit 

bit 3 : Timer X interrupt request bit 

bit 0 *. UART transmit interrupt request bit 



Interrupt enable register (address 00FB 16 ) 

bit 5 *. UART receive interrupt enable bit 

bit 4 : IPCMO interrupt enable bit 

bit 3 : Timer X interrupt enable bit 

bit 0 *. UART transmit interrupt enable bit 



















Timer control register (address 00FF 16 ) 


I 

7 


0 


bit 7 : IPCMO interrupt enable bit 
bit 6 : Timer X interrupt enable bit 


I 
















Collision detect register (address 00FA 16 



bit 7 Collision interrupt request bit 
bit 6 *. Collision interrupt enable bit 



Fig. 7 Interrupt control 
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TIMER 

The M37408M2-XXXSP has one timer: timer X. It has an 8- 
bit prescaler. Each timer or prescaler is structured with 8- 
bit counter. A block diagram of timer X is shown in Figure 
9. Timer or prescaler is a down-counter which is reloaded 
from the latch when the next clock pulse after the timer 
reaches zero. The division ratio is defined as 1/(n+1) 
where n is the decimal contents of the timer latch. The tim- 
er interrupt request bit (bit 3 of the address 00FC 16 of local 
address bus) is also set to "1" at this time. Timer counts the 
oscillation frequency divided by 16 when the bit 5 of timer 
control register is "0", and stops when "1". The structure of 
the timer control register is shown in Figure 8. 
When the STP instruction is executed, or after reset, the 
prescaler and timer latch are set to FF 16 and 01 16 , respec- 
tively. Also, when the STP instruction is executed, the oscil- 
lator's frequency (divided by 16) will become the counting 
source. This state will be released when the timer X inter- 
rupt request bit is set to "1", or after a reset. For more de- 
tails on the STP instruction, refer to the oscillation circuit 
section. 



7 0 
I I I I I I III Timer control register (Address 00FF 16 ) 



Processor mode bit 

00 .* Single-chip mode 

01 : 

10 : Not used 

11 : 

Timer X count control bit 

0 ' Count timing </> divided by four 

1 '. Count stops 

Timer X interrupt enable bit 

0 : Interrupt disable 

1 : Interrupt enable 

IPCM0 interrupt request bit 

0 '. No interrupt request 

1 I With interrupt request 



Fig. 8 Structure of timer control register 



Local bus 



TV 



12 



Prescaler latch (8) 



12 



Timer X latch (8) 



Oscillator Divider 



f(x IN ) 




1/16 






1 



12 



Prescaler (8) 



FF 16 



12 



Timer X (8) 



die 



to timer X interrupt request bit 



Timer X count control bit 
(bit 5 of address 00FF 16 ) 



<3 



Reset 

STP instruction 



Fig. 9 Timer X block diagram 
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UART 

The M37408M2-XXXSP contains one channel of UART. This 
UART has three pins TxD (transmit output), RxD (receive 
input), and CTS (clear to send) and contains the receive 
(transmit) shift register, the receive (transmit) buffer regis- 
ter, the UART mode register, the UART control register, the 
UART status register, and the baud rate generating divider. 
It also has a CLK pin the input pin of the external clock for 
baud rate generation. An interrupt can be generated at re- 
ceive and transmit independently. 



Local bus 



Receive buffer 
register 



Receive shift 
register 



Start bit detection 
circuit 



UART control register 



1 — UART status register 



| 1/16 | *- 



Receive control 
circuit 



UART mode register 



1 1/16 1 - 



CTSD 



CTSO 



Transmit buffer 
register 



Transr 
circuit 


nit control 


1 i 




Transmit shift 
register 




o 



Fig. 10 UART block diagram 
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[Receive operation] 

Setting the receive enable bit (bit 2 of the UART control 
register) to "1" puts the system in the receive enable state. 
When there is no input of receive data, "H" is input to RxD 
pin. When the falling edge is input to RxD pin and "L" input 
is detected twice consecutively by sampling with the clock 
having a frequency 16 times the baud rate, the start bit is 
triggered. Then, sampling is performed three time in the 
middle of the start bit. When "L" is detected twice or more, 
the receive operation begins, capturing the data bjts into 
the receive shift register. If "L" has not been detected 
twice or more, start bit detection begins again. When the 
data bits and parity bit have been captured into the receive 
shift register and the stop bit is detected, the receive data 
is transferred from the receive shift register to the receive 
buffer register, setting the receiver ready flag (bit 1 of the 
UART status register). If a parity error occurred, the parity 
error flag is set. The framing error flag is set when the first 
stop bit is found "L". If the previous data has not been read 
out of the receive buffer register, the overrun error flag is 
set, clearing the previous data. The receiver ready flag is 
reset when the receive buffer register is read. Each error 
flag can be reset by writing "1" to the error flag reset bit 
(bit 7 of the UART control register). Any of these errors 
does not affect the receive operation. The data bit, the par- 
ity bit, and the stop bit are sampled three times in the mid- 
dle of them each. When "L" or "H" is detected twice or 
more, "0" or "1" is determined respectively. 
Each time a receive operation has been completed, setting 
the receiver ready flag, the UART receive interrupt request 
bit (bit 7 of the interrupt request register) is set. An inter- 
rupt is acknowledged when the two UART receive interrupt 
enable bits (bit 3 of the UART control register and bit 7 of 
the interrupt enable register) are both "1", and the interrupt 
disable flag I is "0". The UART receive interrupt request bit 
is reset when a UART receive interrupt is acknowledged. 
Setting the receive enable bit (bit 2 of the UART control 
register) to "0" puts the system in the receive stopped 
state. At this time, the receiver ready flag is "0" (ready), 
the receive shift register is in the stopped state, and the 
start bit detection is stopped. 



[Transmit operation] 

When the send data is written to the transmit buffer regis- 
ter, the start bit, parity bit, and stop bit are added to the 
data, which is transferred to the transmit shift register. The 
transmit shift register begins shift when it becomes enable 
for transmission, sending the serial data to TxD pin. For the 
description of the transmit enable state, see Table 5. ' 
In the transmit enable state, each time transmission of the 
stop bit of the serial data being transmitted has been com- 
pleted, it is checked whether the next data has been writ- 
ten to the transmit buffer register. If the data is found writ- 
ten, transmission of the next data begins. If the data is 
found not written, TxD pin is held at "H" until the next trans- 
mit data is written, setting the transmitter empty flag. When 
the transmit enable state is cleared during transmission, the 
transmission is stopped after completing the transmission of 
the transmit data so far written to the transmit buffer reg- 
ister. 

When the transmitter ready flag (bit 0 of the UART status 
register) is "1", it indicates that the transmit buffer is ready 
for writing data. The immediately preceding data is trans- 
ferred from the transmit buffer register to the transmit shift 
register. Every time the start bit is output from TxD pin, this 
flag is set. Every time the transmitter ready flag is set, the 
UART transmit interrupt request bit (bit 2 of the interrupt 
request register) is set. An interrupt is acknowledged when 
two UART transmit interrupt enable bits (bit 3 of the UART 
control register and bit 2 of the interrupt enable register) 
are both "1" and the interrupt disable flag 1 is "0". Note that 
an interrupt occurs only in the transmit ready state. 
Bit 6 of the UART control register initializes the UART 
transmit side. When this bit "0", the transmit side is in the 
initial state. 



Table 5. Bit and pin states when transmission is enable 



TE 


CTSE 


CTS 


TE 


UART transmit enable bit 




0 


X 


CTSE 


.* CTS pin function selection bit 


1 


1 


L 


CTS 


'. CTS pin input level 
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[UART divider for baud rate generator] 

This is an 8-bit programmable divider which generates the 
baud rate for the UART receive or transmit operation. 
When the setting value is N B r (0 to 255) , the divide ratio 
becomes 1/(N B r + 1). There are three count sources; Xin 
clock divided by 2, X, N clock divided by 32, and the exter- 
nal clock. Choose sources by bits 4 and 5 of the UART 
mode register. Table- 6 shows the baud rate calculation for 
each bit combination. 

When the external clock is used, the frequency of the input 
clock must be below 1.6MHz. Writing to the baud rate 
generating divider must be performed when bits 2 and 6 of 
the UART control register are both "0". 



Table 6. Baud rate calculation 



EX 
BR 



baud rate (bps) — 



f(X, N ) 



32(N B r+1) 



baud rate (bps) = 



f(X IN ) 



512(N BR +1) 



baud rate (bps) = 



f(CLK) 
16(N BR +1) 



: Clock selection bit for baud rate generator 

: Divide ratio selection bit for baud rate generator 



Baud rate register 



Baud rate counter 



clkQ- 



4- 



EX 



Selection gate '. Connected to black 
colored at reset 



-> BRG 



1/2 



-f(X, N ) 



BR 



1/32 



Fig. 11 Baud rate generating circuit 
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[CTS_pin] 

The CTS pin can be used as the 1 -bit I/O port when bit 4 of 
the UART control register (CTSE) is "0". In this case, the 
input/output direction can be determined by bit 7 of the 
UART mode register (CTSD) and the output data can be 
set by bit 5 of the UART control register (CTSO). Addi- 
tionally, the input level can be known by bit 7 of the UART 
status register (CTS). 

[UART mode register] 

• Parity enable bit : PEN 

Setting this bit to "1" adds a parity bit to the transmit 
data. In a receive operation, this bit is used for parity 
evaluation. 

• Parity select bit : EVN 

This bit specifies the parity bit to be generated in a 
transmit operation and the parity bit to be evaluated in a 
receive operation. Depending on the content of this bit, 
the number of Vs in data is made even or odd. 

• Character length select bit : CHL 

This bit specifies the character length of data. 

• Stop bit length select bit : ST 

This bit specifies the stop bit length. 

• Baud rate generating prescaler divide ratio select bit : 
BR 

When this bit is "0", the signal obtained by dividing X !N 
clock by 2 becomes the count source of the baud rate 
divider. When this bit is "1", the signal is obtained by di- 
viding the clock by 32. 

• Baud rate generating synchronous clock selection bit 
EX 

This bit specifies baud rate synchronous clock. When 
this bit is "1", external clock is input from the CLK pin. 

• CTS pin I/O select bit : CTSD 

When this bit is "0", the CTS pin is the input pin. 

When this bit is "1", the pin is the output pin. To use the 

CTS pin as the CTS input, set "0". 

[UART control register] 

• Transmit enable bit : TE 

Setting this bit to "1" enables a transmit operation. 

• Transmit interrupt enable bit : TIE 

When this bit is "1", the interrupt in a transmit operation 
is enabled. 

• Receive enable bit RE 

Setting this bit to "1" enables a receive operation. 

• Receive interrupt enable bit I RIE 

When this bit is "1", the interrupt in a receive operation 
is enabled. 

• CTS pin function select bit : CTSE 

When this bit is "1", the CTS pin becomes the CTS 
input. 



• CTS output data select bit : CTSO 

When this bit is "0", "L" is output. When it is "1", "H" is 
output. 

• Transmit side initialize bit MR 

When this bit is "0", the transmit side is initialized. 

• Error flag reset select bit : ERST 

Setting this bit to "1" resets all error flags. When this bit 
is read, "0" is always read. 

[UART status register] 

• Transmitter ready flag '. TxRDY 

When this flag is "1", it indicates that the transmit buffer 
register is empty and ready for writing transmit data. 

• Receiver ready flag : RxRDY 

When this flag is "1", it indicates that the receive buffer 
register is holding receive data. When the receive buf- 
fer register is read, it is cleared. 

• Transmitter empty flag ' TEMP 

When this flag is "1", it indicates that neither the trans- 
mit shift register nor the transmit buffer register holds 
the data to be transmitted. 

• Parity error flag PE 

This bit is set to "1" when the parity of the received 
data is different from the parity which was set. 

• Overrun error flag OR 

When this flag is "1", it indicates that, before the data in 
the receive buffer register is read, the next data is 
transferred from the receive shift register to the receive 
buffer register and the previous data is lost. 

• Framing error flag ' FE 

This flag is set to "1" when the stop bit is found "L" 
when data is transferred from the receive shift register 
to the receive buffer register. 

• CTS pin input level flag : CTS 

When the input level of the CTS pin is "L", "0" is read; 
when it is "H", "1" is read. 
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CTSD 




EX 


BR 


ST 


CHL 


EVN 


PEN 



UARTmode register 



















ERST 


MR 


CTSO 


CTSE 


RIE 


RE 


TIE 


TE 



-Parity enable bit 

0 : Parity disable 

1 : Parity enable 

- Parity select bit 

0 : Odd parity 

1 : Even parity 

- Character length select bit 

0 : 7-bit 

1 : 8-bit 

- Stop bit length select bit 

0 : 1-stop bit 

1 : 2-stop bit 

- Baud rate generating prescaler 
divide ratio select bit 

0 : X| N clock divided by 2 

1 : X IN clock divided by 32 

^Baud rate generating 
synchronous clock select bit 

0 '. Internal clock 

1 : External clock 
-CTS pin I/O select bit 

0 : Input 

1 : Output 



U ART control register 

- Transmit enable bit 

0 Transmit disable 

1 : Transmit enable 

- Transmit interrupt enable bit 

0 '• Interrupt disable 

1 : Interrupt enable 

- Receive enable bit 

0 : Receive disable 

1 Receive enable 

- Receive interrupt enable bit 

0 : Disable 

1 : Enable 



FE OR pe temp RxRDY TxRDYi U ART status register 



" CTS pin function select bit 

0 : I/O port 

1 : CTS pin 

" CTS output data select bit 

0 : "L" output 

1 '. "H" output 

- Transmit side initialize bit 

0 '• Initialize 

1 : Transmit enable 

Error flag reset selection bit 

0 : Reset disable 

1 : Error flag reset 



1 Transmitter ready flag 

0 : Transmit buffer full 

1 : Transmit buffer empty 

Receiver ready flag 

0 .' Receive buffer empty 

1 *. Receive buffer full 

Transmitter empty flag 

0 : Exit data for transmit 

1 : No data for transmit 

Parity error flag 

0 .' No error 

1 I Error 

Overrun error flag 

0 : No error 

1 : Error 

Framing error flag 

0 '. No error 

1 *. Error 

CTS pin input level flag 

0 : "L" 

1 : "H" 



Fig. 12 Structure of registers related to UART 
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RESET CIRCUIT 

The M37408M2-XXXSP is reset according to the sequence 
shown in Figure 14. It starts the program from the address 
formed by using the content of address 1FFF 16 as the high 
order address and the content of the address 1FFE 16 as the 
low order address, when the RESET pin is held at "L" level 
for more than 2/us while the power voltage is in the recom- 



mended operating condition and the crystal oscillator 
oscillation is stable and then returned to "H" level. The in- 
ternal initializations following reset are shown in Figure 15 
and 16. 

An example of the reset circuit is shown in Figure 13. 
When the power on reset is used, the RESET pin must be 
held "L" until the oscillation of X, n -X OU t becomes stable. 



M37408M2- 

XXXSP 



RESET 



18 



ov- 



Power on 



"0. 6V 



M37408M2- 

XXXSP 



RESET V< 



18 




Supply voltage 
detection circuit 



Fig. 13 Example of reset circuit 



f(x, N ) 
<i> 

RESET 

SYNC 

Address 

Data 



JM__._ 



-Jiuiuuir 



8 — 1 2 clock cycles 



ODCDOCIXIXiSGSXZ 



Reset address from the vector table 



Note 1 : Frequency relation of f(X, N ) and ^ is f(X )N ) =4*0 

2 : The mark " ? " means that the address is changeable depending on the previous state 



Fig. 14 Timing diagram at reset 
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Local bus address 


(1 ) Port P1 directional register 


(E1 16 )- 


] oo 16 


(2) Dual-port RAM direction specify register (E2 16 )-- 


I I 

oo 16 | 


(3) UART status register 


(ED 16 )- 


•| 00 16 | 


(4) UART mode register 


(ED 16 )- 


• o | x | o| o| o| o| o| o| 


(5) UART control register 


(EE 16 )- 


•x| 0 | 0 | o | o | o| o| 0 | 


(6) IPC error register 0 


(F4 16 )- 


•| Ode | 


(7) IPC error register 1 


(F7 16 )- 


oo 16 | 


(8) IPC semaphore register 


(F9 16 )- 


I X I 
\ 00ie I 


(9) Collision detect register 


(FA 16 )- 


I I 
oo 16 


(10) Interrupt enable register 


(FB 16 )- 


00 16 ] 


(11) Interrupt request register 


(FC 16 )- 


•| oo 16 | 


(12) Prescaler X 


(FD 16 )- 


FF 16 


(13) Timer X 


(FE 16 )- 


01 16 


(14) Timer control register 


(FF 16 )- 


•|o|o|o|x|x|x|o|o| 


(15) Access flag 


(D0 16 ~D7 16 )- 


\ oo 16 


(16) Processor status register 


(PS)- 




(17) Program counter 


(PC H )' 


j Contents of address 1FFF 16 | 




(PC U )- 


• Contents of address 1FFE 16 


Since the contents of both registers other than those listed above and 
the RAM are undefined at reset, it is necessary to set initial values 



Fig. 15 Internal state of microcomputer at reset (1) 



System bus address 



(1) Port P0 directional register (77 16 )--j 00i 6 

(2) IPC error register 0 (78 16 )-- j 00i 6 

(3) IPC error register 1 (7B 16 )--- | 00i 6 

(4) Collision detect register (7E 16 )-- j 00i 6 

(5) IPC semaphore register (7F 16 )-- j 00i 6 

(6) Access flag (50~57 16 )-- j 00i 6 



Since the contents of both registers other than those listed above and 
the RAM are undefined at reset, it is necessary to set initial values 



Fig. 16 Internal state of microcomputer at reset (2) 



I/O PORTS 

(1) Port P0 System bus : address 76 16 
Port P0 is an 8-bit I/O port with CMOS output. It can 
be accessed from system bus only and can not be 
accessed from local bus. 

As shown in the memory map (Figure 1), port P0 can 
be accessed at system bus address 76 16 . Port P0 has a 
directional register (address 77 16 ) which can be used 
to program each individual bit as input ("0") or as out- 
put ("1"). If the pins are programmed as output, the 
output data is latched to the port register and then out- 
put. When data is read from trie output port the output 
pin level is not read, only the latched data in the port 
register is read. This allows a previously output value to 
be read correctly even though the output voltage level 
is shifted up or down. Pins set as input are in the float- 
ing state and the signal levels can thus be read. When 
data is written into the input port, the data is latched 
only to the port latch and the pin still remains in the 
floating state. This port becomes input at reset. 

(2) Port P1 Local bus : address 00E0 16 

System bus : address 75 16 
Port P1 is an 6-bit I/O port and connected to local bus. 
It has the same function as port P0 except the con- 
nected bus. 

It's directional register is at local bus address 00E1 16 . 
Also port P1 can be read from system bus but the pin 
state is read regardless the value of the port P1 direc- 
tional register. 

(3) Address pins 

Address pins A 0 ~A 6 are the input pins directly con- 
nected to the system bus. The 7-bit address corres- 
ponding to the system bus is input to these pins. The 
input level is TTL. 

(4) Data pins 

Data pins D 0 ~ D 7 are the output pins directly con- 
nected to the system bus. The 8-bit data corresponding 
to the system bus is input/output on these pins. When 
the CS pin is "L" and the RD pin is "L", the data pins 
become the output pins. When the CS pin is "L" and 
the WR pin is "L", the data pins become the input pins. 
Setting the CS pin to "H" puts pins D 0 ~D 7 in the float- 
ing state. The I/O level is TTL. 
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Port PO 



System bus . 



Directional register 



< 



Port latch 



-O PortPO 



Port P1 



Local bus . 



Directional register 



-e- 



-O PortPI 



System bus 



Fig. 17 Port PO, P1 block diagram 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
18. 

When the STP instruction is executed, the oscillation of in- 
ternal clock <f> is stopped in the "H" state. 
Also, the prescaler X and timer X are loaded with FF 16 and 
01 16 , respectively. The oscillator (dividing by 16) is then 
connected to the prescaler input. This connection is cleard 
when timer X overflows or the reset is in, as discussed in 
the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the internal clock 0 keeps its "H" level until timer 
X overflows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 
When the WIT instruction is executed, the internal clock <f> 
stops in the "H" level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 

To return from the stop or the wait status, the interrupt en- 
able bit must be set to "1" before executing STP or WIT in- 
struction. Especially, to return from the stop status, the tim- 
er X count stop bit (bit 5 of address 00FF 16 ) must be set to 
"0" before executing STP instruction. 
The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 19 and 20. 
The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock usage is shown in Figure 21. 
X, N is the input, and X G ut is open. 




Fig. 20 External ceramic resonator circuit 
(capacity built-in type) 



M37408M2-XXXSP 


X 


N 


19' 





External oscillating circuit 



Fig. 21 External clock input circuit 



Interrupt request 



Interrupt disable flag I 




Reset 



STP instruction - 



WIT instruction- 



- S Q 


n 


Q S 


- R 






R 



O 



1/2 



1/2 



Reset 



■ STP instruction 



Internal clocks 



1/8 




Prescaler X 



O 



Timer X converter stop bit 



Overflow 



Fig. 18 Block diagram of clock generating circuit 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer and the prescaler is 
1/(n+1). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program) , those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) Change the address A 0 ~ A 6 input and the CS input 
when both the RD input and WR input are "H". 

(4) Registers whose values change when read, are con- 
nected to the system bus of the M37408M2-XXXSP. If 
the master CPU generates an invalid read cycle, data 
is not correctly transferred. 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. 

(6) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(7) The STP instruction must be executed after setting tim- 
er X count enable bit to enable "0", timer X interrupt 
enable bit to inhibit ("0"), and timer X interrupt request 
bit to no request ("0"). 

(8) The power current is max. 10mA in DC. However, be- 
cause a rush current and a bus charge-discharge cur- 
rent flow transiently, a bypass capacitor must be con- 
nected between V ss and V C c- 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 

(3) ROM data EPROM 3sets 



A: 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s 
Output transistors cut-off 


-0. 3~7 


V 


v, 


Input voltage, RESET, X (N 


-0.3—7 


V 


v, 


Input voltage, P0 0 ~P0 7 , P1 0 ~P15, D 0 ~D 7 , A 0 ~A 6 , 
RD, WR, CS, CLK, R X D, CTS 


-0. 3— V cc +0. 3 


V 


v, 


Input voltage, CNV S s 


— 0. 3—13 


V 


V 0 


Output voltage, P0 0 ~P0 7 , P1o~P1s> X 0U t- <t>, D 0 ~D 7 , 
T X D, CTS 


-0. 3~Vcc+0. 3 


V 


Pd 


Power dissipation 


T a = 25°C 


1000(Note 1 ) 


mW 


T opr 


Operating temperature 




-10—70 


°C 


Tstg 


Storage temperature 




-40-125 


°C 



Note 1 : 300mW for QFP types 



RECOMMENDED OPERATING CONDITIONS (Vcc = 5V±10%, V ss =0V, T a = -10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


V S s 


Supply voltage 




0 




V 


V, H 


"H" input voltage X, N , RESET, CLK, P0 0 ~P0 7 , 
P1 0 ~P1 5 , RxD, CTS 


0. 8V CC 




Vcc+0.3 


V 


V, H 


"H" input voltage A 0 ~A 6 , D 0 ~D 7 , RD, WR, CS 


2 




Vcc+0.3 


V 


V, L 


"L" input voltage P0 0 ~P0 7 , P1 0 ~P15, CLK, 
RxD, CTS 


-0.3 




0. 2V CC 


V 


V IL ' 


"L" input voltage A 0 ~A 6 , D 0 ~D 7 , RD, WR, CS 


-0.3 




0.8 


V 


V, L 


"L" input voltage RESET 


-0.3 




0. 12V CC 


V 


V, L 


"L" input voltage X| N 


-0.3 




0. 16V CC 


V 


'oh 


"H" output current P0 0 ~P0 7 , P1o~P1s. <t>, 
T X D, CTS 






-10 


mA 


'oh 


"H" output current D 0 ~D 7 






-1.0 


mA 


l0L 


"L" output current P0 0 ~P0 7 , P1 0 ~P15, <t>, 
T X D, CTS 






10 


mA 


l0L 


"L" output current D 0 ~D 7 






-1.6 


mA 



Note 1 '. The average output current l OL (avg) and 'o H(av g) are tne average value of a period of 100ms 
2 : Total of loi_(peak) of ports PO, P1 , T X D and CTS is —50mA 
Total of loH(peak) of PO rts p °. PI. T xD and CTS is 50mA 



ELECTRICAL CHARACTERISTICS (Vcc = 5V, V ss = 0V, T a = 25C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


V OH 


"H" output voltage P0 0 ~P0 7 , P1 0 ~P15. <fi, TxD, CTS 


Ioh = — 10mA 


Vcc-2 






V 


Vqh 


"H" output voltage D 0 ~D 7 


Ioh= — 1mA 


2.4 






V 


Vol 


"L" output voltage P0 0 ~ P0 7 , P1o~P1s, <t>, TxD, CTS 


l OL =10mA 






2 


V 


Vol 


"L" output voltage D 0 ~D 7 


l 0 L == 1-6mA 






0.4 


V 


1, 


Input leak current A 0 ~A 6 , RD, WR, CS, CLK 


Vss^Vi^Vcc 


—5 




5 


juA 


1. 


Input leak current RESET, X| N 


V SS ^V|^7V 


-5 




5 


UA 


loz 


Tri-state leak current P0 0 ~P0 7 , P1 0 ~P15, D 0 ~D 7 , 
CTS 


Vss+0. 5^V o ^V cc -0. 5V 


-5 




5 


juA 


v T +-v T - 


Hysteresis RESET, CLK, R X D, CTS 






0.6 




V 


Icc 


Supply current 


Output terminals 
are opened, 
others to V S s, 
CS=V CC 


f(X| N ) = 10MHz 
Square wave 






10 


mA 


ditto 

(wait mode) 






1 


At stop mode 
T a = 25°C 






1 


juA 


At stop mode 

T a = 70°C 






10 
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TIMING REQUIREMENTS 



SySteiTI bUS (V CC =5V±10%, V ss =0V, T a =-10~70°C, f(X, N )=10MHz, unless otherwise noted) 





Parameter 


Test conditions 


Limits 


Unit 


Symbol 


Mm. 


Typ, 


Max. 


tsU(A-WR) 


Ao~A6 CS input set-up time 




50 






ns 


tsu(A— RD) 


Ao~A 6 CS input set-up time 




50 






ns 


tsi)(D— WR) 


D 0 ~D 7 input set-up time 




80 






ns 


th(WR— A) 


Ao~A6 CS input hold time 


Fig. 22 


0 






ns 


th(RD-A) 


A 0 ~Ae CS input hold time 


0 






ns 


th(WR— D) 


D 0 ~D 7 input hold time 




10 






ns 


tw(WR) 


WR input "L" pulse width 




200 






ns 


tw(RD) 


RD input "L" pulse width 




200 






ns 



LOCal bUS (V CC =5V±10%, V S s=0V, T a =-10~70 t C ) f(X IN )=10MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max. 


tsu(p-i— <t> ) 


P1o~P"l5 input set-up time 


Fig. 22 


300 






ns 


tho-p-i) 


P1o~P15 input hold time 


50 






ns 



SWITCHING CHARACTERISTICS 

System bUS (V oo =5V±10%, V ss =0V, T a =-10~70r, f(X, N )=IOMHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max. 


td(D— RD) 


D 0 ~D7 output delay time 


Fig. 22 






150 


ns 


tv(D — RD) 


D 0 ~D7 output effective time 


0 






ns 


ten(RD-D) 


Do~D 7 output enable time 


10 






ns 


tdlS(RD-D) 


Do~D 7 output disable time 






50 


ns 



LOCal bUS (V C c=5V±10%, V ss =0V, T a =-10~70°C, f(X, N ) = 10MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max. 


tdu-po 


P1o~P15 output delay time 


Fig. 22 






300 


ns 




Fig. 22 Port PO, P1, D 0 ~D 7 test circuit 
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TIMING DIAGRAMS 

System bus write cycle 



A 0 ~A 6 , CS 



IX 



tsU(A-WR) 



D 0 ~D 7 input 



tw(WR) 



/ 



tsu(D-WR) 



th(WR-A) 



th(WR-D) 



> 



System bus read cycle 



RD 



A 0 ~A 6) CS 



D 0 ~D 7 output 



_x 



tsU(A-RD) 



Tw(RD) 



kl(D-RD) 



ten(RD-D) 



/ 



th(RD-A) 



tdiSCRD-D) 



W(d— RD) 



Local bus 



P1o~P"l5 OUtput 



P1o~P15 input 



X 



tsu(Pi-<*) 



th(<*-pi) 
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DESCRIPTION 

The M37409M2-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
52-pin shrink plastic molded DIP (flat package type also 
available). This single-chip microcomputer is useful for the 
communication application used as a slave-microcomputer. 
In addition to its simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

The differences between the M37409M2-XXXSP and the 
M37409M2-XXXFP are the package outline and the power 
dissipation ability (absolute maximum ratings). 

FEATURES 

• Number of basic instructions 69 

• Memory size ROM 4096 bytes 

RAM 128 bytes 

• Instruction execution time 

•••0. &>s (minimum instructions at 10MHz frequency) 

• Single power supply f(X IN )=10MHz 5V±10% 

• Power dissipation 

normal operation mode (at 10MHz frequency) ••50mW 

• Subroutine nesting 64 levels (Max.) 

• Interrupt 10 types 

• 8-bit timer 1 

• UART (Full-duplex) 3 channels 

• Dual-port RAM 192 bytes 

• Communication registers 

Access flag 192 bits 

Collision detect register 8-bitX1 

IPC* semaphore register 7-bitX1 

IPC mode register 8-bitX4 

IPC error register 8-bitX4 

• Programmable I/O ports 

(Ports PO, P1, CT^-CTSa) 19 

• Bus interface 

Address bus 8 

Data bus 8 

Control signal (WR, RD, CS) • 3 

APPLICATION 

Office automation equipment 



PIN CONFIGURATION (TOP VIEW) 



A 7 - 
Ae- 
A 5 " 
A 4 - 
A 3 " 
A 2 - 
A,- 
_Ao" 

Write control signal WR - 
Read control signal RD - 
Chip select CS - 
D 7 - 
D 6 < 
□ 5 < 
Or 
D 3 < 
D 2 < 
Di« 
D 0 < 

UART clock CLK - 
CNV SS 



Data bus < 



Reset input RESET - 
Clock input X|n - 
Clock output Xout " 
Timing output (f> < 

Vss 



-E 
>E 
-II 
>E 
>E 
►E 
►E 
-E 

>E 

► E 

►E 
►E 
►E 

►in 

►E 

►E 
►E 

►E 

►H 

E 

► [22 

-1 



o 

CO 

ro 

>< 
X 
X 

V) 



46j 
44|-» 

1- 

40] « 

39] 

38] «♦ 

m* 

36) « 

m- 



> I/O port PO 



Vcc 

*P0 0 

-Pd 

♦> P0 2 

*P0 3 

*P0 4 

*P0 5 

*P0 6 

*P0 7 

*P1 0 

*P1i 

*P1 2 

*P1 3 

*P1 4 

-Pis 

*P1 6 

*P1r , 

— — Transmit 
*■ CTS 3 control input 

- R X D 3 Receive input 
*• TyD 3 Transmit output 
^ qjo Transmit 

2 control input 



I/O port P1 



3T| R X D 2 Receive input 
30| 



T X D 2 Transmit output 
^ qjo Transmit 

1 control input 
- RxDt Receive input 

*• TyPi Transmit output 



Outline 52P4B 



-iiio 

Q.Q.Q.Q.Q.Q.Q.a.|OlI|-Z 



Q. Q. Q. a. 

n t 1 1 t t t t t 1 t t 1 t 



P0 3 ++ \M. g**CTS 2 

P0 2 ~[i6 27]^RxD 2 

POi^H () j] — TxD 2 

D^CTSt 

V cc EH .E—RxD, 

Vcc p M37409M2-XXXFP =J ~* ^ x ^ 1 

Vss \K 1 V ss 

A 7 — H 21] v ss 

A 6 -[I 2£]^ <t> 

A 5 -[^ M ( ) lE-XouT 

A 3 — Hj IE — RESET 

mmiiJLiJliJliJIJliJiiJNliiiyiHlNlisJN 
tttMltinitlM 



<<<?I5IS 



Outline 56P6N 



NC '. No connection 



* IPC-Hntelligent Protcol Controller 
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M37409M2-XXXSP BLOCK DIAGRAM 



Clock Clock Timing 
input output output Keset mput 



RESET CNV SS V ss V cc CTS 3 RxD 3 TxD 3 
®— @ ® f 



Clock 
generating 
circuit 



CTS 2 RxD 2 TxD 2 



CTS-i RxD 1 TxD, 



UART2 



2 



Local bus 



0 


0 


0 


Processor 




Program 




Program 


status register 




counter 




counter 


PS(8) 




PC H (8) 




PC L (8) 



Stack pointer 
S(8) 



Instruction 
register(8) 



I 



H 



Prescaler(8) 



ROM 
4096 bytes 



H 



RAM 
128 bytes 



2 



8-bit arithmetic 
and logical unit 



Accumulator 




A(8) 





Index register 

X(8) 



n n u 



Index register 

Y(8) 



II 



Instruction 
decoder 



Control signal 



LEX 



Timer X(8) 



7\ 



IPC error register 0(8) 



IPC error register 1(8) 



IPC error register 2(8) 



IPC error register 3(8) 



iZ 



7s 



IPC mode register 0(8) 



IPC mode register 1 (8) 



IPC mode register 2(8) 



IPC mode register 3(8) 

7v 



Access flag 
192 bits 



7^ 
ii 



Dual-port 

RAM 
192 bytes 

— 7\ — 



A 

ii 



7s[ 



IPC semaphore 
register (7) 

Tv — 



12 



Collision detect 
register (8) 



System bus 



31 



Bus interface 



IXlXi)(JX5X§X2X 

A 7 ~A 0 
Address bus A 



7\ 



±1 



P0(8) 



WR RD CS 



D 7 ~D 0 
Data bus DB 



P1 (8) 



P0 7 ~P0 0 
I/O port PO 



P1 7 ~P1o 
I/O port P1 
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FUNCTIONS OF M37409M2-XXXSP 



Parameter 




Number of basic instructions 


69 


Instruction execution time 


0. S/is (minimum instructions 3t 10MHz fr©QU©ncy) 


Clock frequency 


10MHz 


Memory size 


ROM 


iuyo Dytes 


RAM 


izb uyxes 


Input/Output ports 


P0 0 ~P0 7 


I/O 


o-DiiA i voysxem dus 


P1 0 ~P1 7 


I/O 


8-bitX1 (Local bus I/O, System bus input) 


CT^-CTSa 


I/O 


1-bitX3 (Common with UART transmit control input) 


Bus interface 


A 0 ~A 7 


Input 


8-bitX1 


D 0 ~D 7 


I/O 


8-bitX1 


RD, WR, CS 


Input 


1 -bitX3 


UART 


3 (with programmable baud rate generator) 


Timer 


8-bitX1 (with 8-bit prescaler) 


Interrupt 


System bus (IPCMO) interrupt 1, UART interrupt 6, Timer interrupt 1, Collision inter- 


Dual-port RAM 




Communication 
fegisters 


Access flag 




Collision detect register- 


8-bitX1 


IPC semaphore register 


7-bitX1 


IPC mode register 


8-bitX4 


IPC error register 


8-bitX4 


Subroutine nesting 


64 levels (max.) 


Clock generating circuit 


Built-in (externally connected ceramic or quartz crystal oscillator) 


Supply voltage 


5V±10% 


Power dissipation 


at operation 


50mW 


at wait mode 


5mW 


at stop mode 


T a =25°C 


0. 05mW 


T a =70°C 


0.5mW 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate process 


Package 


M37409M2-XXXSP 


52-pin shrink plastic molded DIP 


M37409M2-XXXFP 


56-pin plastic molded QFP 
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PIN DESCRIPTION 





Nqiti© 


Input/ 
Output 


Functions 


Vcc, 
V SS 


Supply voltage 




Power supply inputs 5V±10% to V CCl and OV to V ss 


CNVss 


CNVss 




This is usually connected to V S s 


RESET 


Reset input 


Input 

f 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2>us (under normal V C c 
conditions). If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time 


X|N 


Clock input 


Input 


This chip has an internal clock generating circuit To control generating frequency, an external ceramic or a 
q"uartz crystal oscillator is connected between the X| N and Xqut pins. If an external clock is used, the clock 
source should be connected the X| N pin and the Xout pm should be left open 


XoUT 


Clock output 


Output 


<f> 


Timing output 


Output 


This is the timing output pin 


P0 o ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional register allowing each I/O bit to be individually programmed as 
input or output This port is connected to the system bus only, and can not be accessed from the local bus. 
At reset this port becomes input mode. The output structure is CMOS output 


P1 0 ~P1 7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO This port is connected to the 
local bus and can be used as only input port from the system bus The output structure is CMOS output. 


TxDt 
~T X D 3 


UART transfer output 


Output 


These are UART transfer data output pins 


RxD! 
~R X D 3 


UART receive input 


Input 


These are UART receive data input pins 


cfsT 

~CTS 3 


UART transfer control 
input 


I/O 


These are UART transfer control signal input pins and can be used as I/O port which have basically same 
function as port P1 . 


CLK 


UART clock input 


Input 


This port is an external clock input pin for baud rate 


A 0 ~A 7 


Address input 


Input 


This port is input for system address 


D 0 ~D 7 


Data input/output 


I/O 


This port is input or output the system data 


CS 


Chip select 


Input 


System data can be read or written by inputting "L" to this port 


RD 


Read control input 


Input 


Memory or register data specified by Ao~A 7 is read from Do~D 7 by inputting "L" to this port 


WR 


Write control input 


Input 


Data input from D 0 ~D 7 is written to memory or register specified by A 0 ~A 7 by inputting "L" to this port 
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FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 



The M37409 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 




3-77 



MITSUBISHI MICROCOMPUTERS 

M37409M2-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



ADDRESS AREA 

M37409M2-XXXSP has two buses; the local bus connected 
to the CPU of its own, and the system bus connected to the 
CPU of the external master computer. There are two cor- 
responding address area. 

The local bus has thirteen address buses and eight data 
buses. The address area, which is 8192 bytes, is addresses 
from 0000 16 to 1 FFF 16 . 

For this local bus area, addresses 1000 16 to 1FFF 16 are 
assigned to the built-in ROM area which consists of 4096 
bytes. 

The system bus has eight address buses and eight data 
buses. The address area, which is 256 bytes, is addresses 
from 00 16 to FF 16 . 

The internal memories and registers are connected to one 
or both of these buses. Therefore, it is necessary, in writing 
programs, to know the operation of each functional block as 
well as to which bus the memories and registers are con- 
nected at what addresses. 



MEMORY 

• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 

• RAM 

RAM is used for data storage as well as a stack area. 

• ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 

• Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 

• Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

• Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 



RAM 

(128 bytes) 



Access 
flag 



Dual-port RAM 
(192 bytes) 



ROM 

(4096 bytes) 



0000! 6 

007F 16 

00C0 16 
00D7 16 

00E0 16 
00FF 16 

0200 16 
02BF 16 



1F00 16 
1FEC 16 



1FFF 16 



SFR area 



Not Used 



Interrupt vector area 



Address area apply to local bus 



Zero 
page 



Special 
page for 
subroutine 
call 



F5 16 

F6 16 

F7 16 

F8 16 

F9 16 

FA 16 

FB 16 
FC 16 

FD 16 
FE 16 

FF 16 



Dual-port RAM 



Access flag 



Not used 



Port PO directional register 



IPC mode register 0/IPC error register 0 



IPC mode register 1/IPC error register 1 



IPC mode register 2/IPC error register 2 



IPC mode register 3/IPC error register 3 



Not used 



Collision detect register 



IPC semaphore register 



Address area apply to system bus 



Fig. 1 Memory map 
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00 Ed 6 


Port P1 


00F0 16 


IPC mode register 0 




0OE1 16 


Port P1 directional register 


0OF1 16 


IPC mode register 1 




00E2 16 


Dual-port RAM direction specify register 


00F2 16 


IPC mode register 2 




00E3 16 




0OF3 16 


IPC mode register 3 




00E4 16 


UART1 receive/transfer buffer register 


00F4 16 


IPC error register 0 




00E5 16 


UART1 status register/UART1 mode register 


00F5 16 


IPC error register 1 




00E6 16 


UART1 control register 


00F6 16 


IPC error register 2 




00E7 16 


UART1 divider for baud rate generate 


00F7 16 


IPC error register 3 




00E8 16 


UART2 receive/transfer buffer register 


00F8 16 






00E9 16 


UART2 status register/UART2 mode register 


00F9 16 


IPC semaphore register 




00EA 16 


UART2 control register 


00FA 16 


Collision detect register 




00EB 16 


UART2 divider for baud rate generate 


00FB 16 


Interrupt enable register 




00EC 16 


UART3 receive/transfer buffer register 


00FC 16 


Interrupt request register 




00ED 16 


UART3 status register/UART3 mode register 


00FD 16 


Prescaler X 




00EE 16 ^ 


UART3 control register 


00FE 16 


Timer X 




00EF 16 


UART3 divider for baud rate generate 


00FF 16 


Timer control register 













Fig. 2 SFR (Special Function Register) memory map 
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Bus Interface 

M37409M2-XXXSP has the bus interface to operate itself 
by the control signal sent from the master CPU. The master 
CPU can access the memories and registers located in the 
system address area described below via this bus inter- 
face. The bus interface has address pins A 0 to A 7> data pins 
D 0 to D 7 , and three controls signals CS, WR, and RD which, 
can be directly connected to TTL. 

Driving the CS pin to "L" put this microcomputer in the 
read/write enabled state. When writing data from the mas- 



ter CPU, specify the address by A 0 ~A 7 and set WR to "L", 
and the data at D 0 ~D 7 is written to the specified address. 
When reading data, specify the address by A 0 ~A 7 and set 
RD to "L", and the contents of the specified address are 
output to D 0 ~D 7 . 

Driving the CS pin to "H" puts the M37409M2-XXXSP in the 
state which does not allow the read and write operations 
from the master CPU. At this time, the outputs of D 0 to D 7 
are in the floating state. 

Figure 3 shows the block diagram of the bus interface. 



IPC error register 0(8) 



IPC error register 1(8) 



IPC error register 2(8) 
IPC error register 3(8) 



IPC mode register 0(8) 



IPC mode register 1(8) 



IPC mode register 2(8) 



IPC mode register 3(8) 




Local bus 



Access flag 
192 bits 



Dual-port 

RAM 
1 92 bytes 



IPC 
semaphore 

register (7) 
_ 



Collision detect 
register (8) 



/6 



System bus 



Bus interface 



6 6 cj 6 6 

CS RD WR A 0 ~A 7 D 0 ~D 7 




Fig. 3 Block diagram of bus interface 
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Dual-port RAM 

The dual-port RAM, which is 192 bytes, is the memory 
which allows the read/write operation from both the local 
and system buses independently. From the local bus, it is 
allocated at addresses 0200 16 to 02BF 16 ; from the system 
bus, addresses 00 16 to BF 16 . Table 1 shows the result when 
the write and read operations from both buses compete at 
the same address. 



Table 1. Result obtained by simultaneously accessing 
the same address from the system and local 
buses 





Write 


Read 


Simultaneous read from both 
buses 




Correct data 


Simultaneous write from both 
buses 


Unpredictable 




Read from one bus, write 
from the other 


Correct data 


Uncertain 



[Access flag] 

Local bus : address 00C0 16 ~00D7 16 
System bus I address C0 16 ~D7 16 
The access flag arbitrates the access to the dual-port RAM. 
One bit of access flag is allocated to one byte of dual port 
RAM, amounting 192 bits (24 bytes) in total. The access 
flag can be read from both the system and local buses. Fi- 
gure 4 shows the relationship between each byte of the 
dual port RAM and each bit of the access flag. Each bit is 
cleared to "0" when an access to read is made to the dual 
port RAM from either bus, it is set to "1" when an access to 
write is made. If an access to read from one bus and an ac- 
cess to write from the other compete at the same address 
of the dual port RAM, the values of the corresponding ac- 
cess flags are uncertain. At reset, all access flags are 
cleared to "0". 



[Dual-port RAM direction specify register] 

Local bus : address 00E2 16 
This register specifies that the read operation of which bus 
clears each bit of the access flag. One bit of this register 
corresponds to 32 bytes of the dual-port RAM (32 bits of 
the access flag). This register consists of six bits. Each ac- 
cess flag is cleared by the read operation from the system 
bus when the corresponding dual-port RAM direction spe- 
cify register is "0"; when it is "1", each access flag is 
cleared by the read operation from the local bus. As for a 
write operation, the access flag is set regardless of which 
bus has made it. Table 2 shows the relationship between 
each bit of the dual-port RAM direction specify register and 
the dual-port RAM and the access flag. At reset, all bits are 
cleared to "0". 



Fig. 4 Correspondence between each byte of dual-port 
RAM and each bit of access flag 



access flag 



Local bus 
address 


System bus 
address 


7 














0 


00C0 16 


C0 16 


07 


06 


05 


04 


03 


02 


01 


00 


00C1 16 


C1ie 


OF 


OE 


OD 


OC 


OB 


OA 


09 


08 


00C2 16 


C2 16 


17 


16 


15 


14 


13 


12 


11 


10 






(Note) 


00D7 16 


D7 16 


BF 


BE 


BD 


BC 


BB 


BA 


B9 


B8 



(Note) The numeric shows the system bus 
address of dual-port RAM corresponds to 
each access flag Dual-port RAM direc- 
tion specify register specifies which bus 

read-out resets the access flag bit 



Table 2. Correspondence among each bit of dual-port RAM direction specify register, dual-port RAM and access 
flag 



Dual-port RAM direction 
specify register 


Dual-port RAM 


Access flag 


Local bus address 


System bus address 


Local bus address 


System bus address 


bit 0 


0200 16 ~021F 16 


00 16 ~1F 16 


00C0 16 ~00C3 16 


C0 16 ~C3 16 


bit 1 


0220 16 ~023F 16 


20 16 ~3F 16 


00C4 16 ~00C7 16 


C4 16 ~C7 16 


bit 2 


0240 16 ~025F 16 


40 16 ~5F 16 


00C8 16 ~00CB 16 


C816 CB-ie 


bit 3 


0260 16 ~027F 16 


60 16 ~7F 16 


00CC 16 ~00CF 16 


CC-I6 CF-|6 


bit 4 


0280 16 ~029F 16 


80 16 ~9F 16 


00D0 16 ~00D3 16 


D0 16 ~D3 16 


bit 5 


02A0 16 ~02BF 16 


A0 16 ~BF 16 


00D4 16 ~00D7 16 


D4 16 ~D7 16 
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[IPC mode register, IPC error register] 

Local bus : address 00F0 16 ~00F7 16 
System bus ' address F8 16 ~FB 16 
IPC mode registers 0~3 (IPCM0~IPCM3) and IPC error 
registers 0~3 (ERR0~ERR3) are the 8-bit registers which 
can be set by the user without restriction. IPC mode regis- 
ters 0~3 are used to specify the mode setting such as 
UART from the external master CPU via the system bus. 
IPC error registers 0~3 are used to indicate the error found 
on the local CPU to the outside via the system bus. On the 
system bus, IPC mode registers 0~-3 and IPC error regis- 
ters 0~3 share four bytes of the same address, with the 
former being for write only and the latter for read only. On 
the local bus, the former is for read only and the latter is for 
both read and write. 

The data written from the system bus to IPC mode registers 
0 — 3 can be read from the local bus only. If an access to 
read or write is performed from the system bus on IPC 
mode register 0/IPC error register 0, an interrupt request 
(IPCMO) is caused. 

When IPC error registers 0~3 are accessed for read from 
the system bus, only the bits which are found "1" are reset 
by hardware. When these registers are read from the local 
bus, their values remain unchanged. 

[IPC semaphore register] 

Local bus : address 00F9 16 
System bus : address FF 16 
This register is for handshaking with the master CPU and 
consists of block semaphore flags (BS0 — BS5) and the 
ready flag (RDY). BS0—BS5 can be read/written from both 
the local and system buses. RDY can be read/written from 
the local bus and read only from the system bus. With this 
register, all bits can be read at a time but, in a write opera- 
tion, only one bit can be written at a time. The low-order 
three bits of the data to be written are used to specify to 
which register bit the data is to be written. Bit 7 is used to 
specify whether to write "1" or "0". At reset, all bits are 
cleared to "0". 

RDY is cleared to "0" also when an access to write is per- 
formed by the system bus on IPC mode register 0. 



7 0 



RDY 


X 


BS 5 


BS 4 


BS 3 


BS 2 


BSt 


BS 0 


IPC semaphore 
















register 



I 1 1 1 1 1 Block 

semaphore 
flag 

I ready flag 

Fig. 5 Bit structure of IPC semaphore register 



[Collision detect register] 

Local bus address 00FA 16 
System bus : address FE 16 
This register consists of six bits of collision detect flags 
(CD 0 ~CD 5 ), the collision interrupt enable bit, and collision 
interrupt request bit. The collision detect flags are set when 
an access to read is performed by the system bus on the 
same address on the dual port RAM to which the local bus 
is writing data. These flags indicate that the data read by 
the master CPU may be incorrect. When these flags are 
set, a collision detect interrupt request occurs. 
Each collision flag corresponds to each 32 bits of the dual 
port RAM. The flag bit corresponding to the address at 
which access competition occurred is set. The relationship 
between the flag bits and the dual port RAM is shown in 
Table 3. These flags can be read from both buses. All bits 
are cleared when read from the system bus or at reset. 
The collision interrupt enable bit can be read/written from 
the local bus. When it is read from the system bus, "0" is 
always output. The collision interrupt request bit can be 
read only from the local bus. Only "0" can be written. 



Table 3. Correspondence between collision detect flag 
and dual-port RAM 



Collision detect 
flag 


Dual-port RAM 


Local bus address 


System bus address 


CD 0 


0200 16 — 021 F 16 


00 16 ~1F 16 


CD! 


0220 16 ~023F 16 


20 16 ~3F 16 


CD 2 


0240 16 ~025F 16 


40 16 ~5F 16 


CD 3 


0260 16 ~<)27F 16 


60 16 ~7F 16 


CD 4 


0280 16 ~029F 16 


80 16 ~9F 16 


CD 5 


02A0 16 ~02BF 16 


AO l6 ~BF 16 



7 0 

I I I I I I I | Collision detect 

register 



I — Collision detect 

flag 

Collision interrupt enable bit 

0 : Interrupt disable 

1 : Interrupt enable 

Collision interrupt request bit 

0 : No interrupt request 

1 : With interrupt request 



Fig. 6 Structure of collision detect register 
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INTERRUPT 

Interrupts can be caused by 10 different events. 
Interrupts are vectored interrupts with priorities shown in 
Table 4. Reset is also included in the table because its op- 
eration is similar to an interrupt. 

When an interrupt is accepted, the registers are pushed, 
interrupt disable flag I is set, and the program jumps to the 
address specified in the vector table. The interrupt request 
flag is cleared automatically. The reset and BRK instruction 
interrupt can never be inhibited. Other interrupts are dis- 
abled when the interrupt inhibit flag is set. 
All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. 
Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is "1 ".interrupt 
request bit is "1", and the interrupt inhibit bit is "0". The in- 
terrupt request bit can be reset with a program, but not set. 
The interrupt enable bit can be set and reset with a 
program. 

Reset is treated as a non-maskable interrupt with the high- 
est priority. Figure 7 shows interrupts control. 
All interrupt request bits except the collision detect inter- 
rupt are in the interrupt request register (address 00FC 16 ). 
The collision detect interrupt request bit is in the collision 
detect register (address 00FA 16 ). The interrupt request bit 
is set when the following conditions occur: 

(1) When the data is set to receive buffer of UART1, 
UART2, or UART3 

(2) When the master CPU accesses the IPC mode/IPC 
error register 0 through bus interface 

(3) When the contents of the timer X goes to "0" 

(4) When one of the bit 0 — bit 5 of the collision detect reg- 
ister is set to "1" 

(5) When the data is set to transmit buffer of UART1 , 
UART2, or UART3 



There are two interrupt enable bits for each interrupt ex- 
cept collision detect interrupt. One is in interrupt enable 
register (address 00FB 16 ), the other is in UART1, UART2, 
UART3 control register (address 00E6 16 , 00EA 16 , 00EE 16 ) or 
timer control register (address 00FF 16 ). Interrupts are be- 
come enable when these two enable bits are both "1". The 
collision interrupt enable bit is in bit 6 of collision detect 
register. 

UART transmit interrupt is controlled by CTS 1f CTS 2 or 
CTS 3 function select bit and CTS 1f CTS 2 or CTS 3 pin input 
(see UART section). 

Since the BRK instruction interrupt and the UART3 transmit 
interrupt have the same vectored address, the contents of 
the B flag must be checked to determine if the BRK in- 
struction caused the interrupt or if UART3 transmit gener- 
ated the interrupt. 



Table 4. Interrupt vector address and priority 



Interrupt 


Priority 


Vector addresses 


RESET 


1 


1FFF 16 , 1FFE 16 


UART1 receive 


2 


1FFD 16 , 1FFC 16 


UART2 receive 


3 


1FFB 16l 1FFA 16 


UART3 receive 


4 


1FF9 16( 1FF8 16 


IPCMO 


5 


1FF7 16 , 1FF6 16 


Timer X 


6 


1FF5 16l 1FF4 16 


Collision detect 


7 


1FF3 16 , 1FF2 16 


UART1 transmit 


8 


1FF1 16 , 1FF0 16 


UART2 transmit 


9 


1FEF 16 , 1FEE 16 


UART3 transmit/ 
BRK instruction 


10 


1FED 16 , 1FEC 16 
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UART1 control register (address 00E6 16 ) 
bit 4 ' CTSi pin function select bit 
bit 3 ". UART1 receive interrupt enable bit 
bit 1 UART1 transmit interrupt enable bit 
bit 0 : UART1 transmit enable bit 

UART2 control register (address 00EA 16 ) 
bit 4 : CTS 2 pin function select bit 
bit 3 : UART2 receive interrupt enable bit 
bit 1 '. UART2 transmit interrupt enable bit 
bit 0 : UART2 transmit enable bit 

UART3 control register (address 00EE 16 ) 
bit 4 CTS 3 pin function select bit 
bit 3 : UART3 receive interrupt enable bit 
bit 1 : UART3 transmit interrupt enable bit 
bit 0 *. UART3 transmit enable bit 

Interrupt request register (address 00FC 16 ) 
bit 7 : UART1 receive interrupt request bit 
bit 6 : UART2 receive interrupt request bit 
bit 5 : UART3 receive interrupt request bit 
bit 4 IPCMO interrupt request bit 
bit 3 : Timer X interrupt request bit 
bit 2 '. UART1 transmit interrupt request bit 
bit 1 : UART2 transmit interrupt request bit 
0 bit 0 I UART3 transmit interrupt request bit 

Interrupt enable register (address 00FB 16 ) 
"p bit 7 UART1 receive interrupt enable bit 
bit 6 UART2 receive interrupt enable bit 
bit 5 '. UART3 receive interrupt enable bit 
bit 4 : IPCMO interrupt enable bit 
bit 3 ' Timer X interrupt enable bit 
bit 2 UART1 transmit interrupt enable bit 
_ bit 1 : UART2 transmit interrupt enable bit 
0 bit 0 ". UART3 transmit interrupt enable bit 

Timer control register (address 00FF 16 ) 
bit 7 : IPCMO interrupt enable bit 
bit 6 Timer X interrupt enable bit 

7 0 

"J Collision detect register (address 00FA 16 ) 
bit 7 I Collision interrupt request bit 
bit 6 : Collision interrupt enable bit 



Interrupt request 




Fig. 7 Interrupt control 
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TIMER 

The M37409M2-XXXSP has one timer: timer X. It has an 8- 
bit prescaler. Each timer or prescaler is structured with 8- 
bit counter. A block diagram of timer X is shown in Figure 
9. Timer or prescaler is a down-counter which is reloaded 
from the latch when the next clock pulse after the timer 
reaches zero. The division ratio is defined as 1/(n + 1) 
where n is the decimal contents of the timer latch. The tim- 
er interrupt request bit (bit 3 of the address 00FC 16 of local 
address bus) is also set to "1" at this time. Timer counts the 
oscillation frequency divided by 16 when the bit 5 of timer 
control register is "0", and stops when "1 The structure of 
the timer control register is shown in Figure 8. 
When the STP instruction is excuted, or after reset, the pre- 
scaler and timer latch are set to FF 16 and 01 16 , respective- 
ly. Also, when the STP instruction is executed, the oscilla- 
tor's frequency (divided by 16) will become the counting 
source. This state will be released when the timer X inter- 
rupt request bit is set to "1", or after a reset. For more de- 
tails on the STP instruction, refer to the oscillation circuit 
section. 



I I I 111 Timer control register (Address 00FF 16 ) 



Processor mode bit 



00 : 

01 : 
10 : 
11 : 



Single-chip mode 



Not used 



Timer X count control bit 

0 : Count timing <f> divided by four 

1 : Count stops 

Timer X interrupt enable bit 

0 ' Interrupt disable 

1 .' Interrupt enable 

IPCM0 interrupt request bit 

0 : No interrupt request 

1 : With interrupt request 



Fig. 8 Structure of timer control register 



TV 



Prescaler latch (8) 



Oscillator Divider 



f(x, N ) 




1/16 






L 



Prescaler (8) 



FF 16 



Timer X count control bit 
(bit 5 of address 00FF 16 ) 



Timer X latch (8) 



12. 



Timer X (8) 



to timer X interrupt request bit 



<3 



Reset 

STP instruction 



Fig. 9 Timer X block diagram 
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UART 

The M37409M2-XXXSP contains three channels of UART's 
(UARTi(i=1, 2, 3)). Functionally, they are all equal and can 
be separately operated. Each channel has three pins (TxDi 
(transmit output), RxDi( receive input), and CTSi (clear to 
send) and contains the receive (transmit) shift register, the 
receive (transmit) buffer register, the UARTi mode register, 
the UARTi control register, the UARTi status register, and 
the baud rate generating divider. It also has a CLK pin (the 
input pin of the external clock for baud rate generation) 
which is shared by three channels. An interrupt can be 
generated on each channel at receive and transmit inde- 
pendently. Figure 10 shows the UARTi block diagram. Be- 
cause the differences between the channels are only pin 
numbers and internal addresses, the following description 
uses UART1 for reference. 



[Receive operation] 

Setting the receive enable bit (bit 2 of the UART1 control 
register) to "1" puts the system in the receive enable state. 
When there is no input of receive data, "H" is input to RxD^ 
pin. When the falling edge is input to RxDi pin and "L" in- 
put is detected twice consecutively by sampling with the 
clock having a frequency 16 times the baud rate, the start 
bit is triggered. Then, sampling is performed three time in 
the middle of the start bit. When "L" is detected twice or 
more, the receive operation begins, capturing the data bits 
into the receive shift register. If "L" has not been detected 
twice or more, start bit detection begins again. When the 
data bits and parity bit have been captured into the receive 
shift register and the stop bit is detected, the receive data 
is transferred from the receiye shift register to the receive 
buffer register, setting the receiver ready flag (bit 1 of the 
UART1 status register). If a parity error occurred, the parity 
error flag is set. The framing error flag is set when the first 
stop bit is found "L". If the previous data has not been read 
out of the receive buffer register, the overrun error flag is 
set, clearing the previous data. The receiver ready flag is 
reset when the receive buffer register is read. Each error 
flag can be reset by writing "1" to the error flag reset bit 
(bit 7 of the UART1 control register). Any of these errors 
does not affect the receive operation. The data bit, the par- 
ity bit, and the stop bit are sampled three times in the mid- 
dle of them. each. When "L" or "H" is detected twice or 
more, "0" or "1 " is determined respectively. 
Each time a receive operation has been completed, setting 
the receive!;, ready flag, the UART1 receive interrupt re- 
quest bit (bit 7 of the interrupt request register) is set. An 
interrupt is acknowledged when the two UART1 receive in- 
terrupt enable bits (bit 3 of the UART1 control register and 
bit 7 of the interrupt enable register) are both "1", and the 
interrupt disable flag I is "0". The-UARTI receive interrupt 
request bit is reset when a UART1 receive interrupt is ack- 
nowledged. 

Setting the receive enable bit (bit 2 of the UART1 control 
register) to "0" puts the system in the receive stopped 
state. At this time, the receiver ready flag is "0" (ready), 
the receive shift register is in the stopped state, and the 
start bit detection is stopped. 
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[Transmit operation] 

When the send data is written to the transmit buffer regis- 
ter, the start bit, parity bit, and stop bit are added to the 
data, which is transferred to the transmit shift register. The 
transmit shift register begins shift when it becomes enable 
for transmission, sending the serial .data to TxD! pin. For 
the description of the transmit enable state, see Table 5. 
In the transmit enable state, each time transmission of the 
stop bit of the serial data being transmitted has been com- 
pleted, it is checked whether the next data has been writ- 
ten to the transmit buffer register. If the data is found writ- 
ten, transmission of the next data begins. If the data is 
found not written, TxD^ pin is held at "H" until the next 
transmit data is written, setting the transmitter empty flag. 
When the transmit enable state is cleared during transmis- 
sion, the transmission is stopped after completing the trans- 
mission of the transmit data so far written to the transmit 
buffer register. 

When the transmitter ready flag (bit 0 of the UART1 status 
register) is "1", it indicates that the transmit buffer is ready 



for writing data. The immediately preceding data is trans- 
ferred from the transmit buffer register to the transmit shift 
register. Every time the start bit is output from TxD^ pin, this 
flag is set. Every time the transmitter ready flag is set, the 
UART1 transmit interrupt request bit (bit 2 of the interrupt 
request register) is set. An interrupt is acknowledged when 
two UART1 transmit interrupt enable bits (bit 3 of the 
UART1 control register and bit 2 of the interrupt enable 
register) are both "1" and the interrupt disable flag 1 is "0". 
Note that an interrupt occurs only in the transmit ready 
state. 

Bit 6 of the UART1 control register initializes the UART1 
transmit side. When this bit "0", the transmit side is in the 
initial state. 



Table 5. Bit and pin states when transmission is enable 





CTSE 1 


cfs; 


TE n 


: UART1 transmit enable bit 


1 


0 


X 


CTSE! 


.* CTS! pin function selection bit 




1 


L 


CTSt 


CTSi pin input level 



UARTi control register 



1 — UARTi status register 



UARTi mode register 



Receive buffer 
register 



Transmit buffer 
register 



Receive shift 
register 



Start bit detection 
circuit 



1/16 




RxDi 

■o 



Receive control 
circuit 



baud rate 



CTSDi 



Transr 
circuit 


nit control 
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Transmit shift 
register 




CTSO 



CTSEi 



-o 



TxDi 
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Fig. 10 UARTi block diagram 
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[UARTi divider for baud rate generator] 

This is an 8-bit programmable divider which generates the 
baud rate for the UARTi receive or transmit operation. 
When the setting value is N B r (0 to 255) , the divide ratio 
becomes 1/(N B r + 1). There are three count sources; Xin 
clock divided by 2, X iN clock divided by 32, and the exter- 
nal clock. Choose sources by bits 4 and 5 of the UARTi 
mode register. Table 6 shows the baud rate calculation for 
each bit combination. 

When the external clock is used, the frequency of the input 
clock must be below 1.6MHz. Writing to the baud rate 
generating divider must be performed when bits 2 and 6 of 
the UARTi control register are both "0". 



Table 6. Baud rate calculation 



EXj 



EXj 
BRj 



BRj 



Calculation 



baud rate (bps) = 



f(X, N ) 



32(N BR +1) 



baud rate (bps) = 



f(X IN ) 



512(N BR +1) 



baud rate (bps)=- 



f(CLK) 
16(N BR +1) 



: Clock selection bit for baud rate generator 

: Divide ratio selection bit for baud rate generator 



Local bus 



Baud rate register i 



Baud rate counter i 



clkQ- 



4- 



-> BRGi 



Selection gate '. Connected to black 
colored at reset 



1/2 



, f(x, N ) 



1/32 



Fig. 11 Baud rate generating circuit 
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0 




7 














0 


CTSDi 




EXi 


BRi 


STi 


CHLi 


EVNi 


PENi 


UARTi mode register 


ERSTi 


MRi 


CTSOi 


CTSEi 


RIEi 


REi 


TIEi 


TEi 



Parity enable bit 

0 : Parity disable 

1 '. Parity enable 

- Parity select bit 

0 : Odd parity 

1 : Even parity 

- Character length select bit 

0 : 7-bit 

1 : 8-bit 

- Stop bit length select bit 

0 : 1 -stop bit 

1 : 2-stop bit 

- Baud rate generating prescaler 
divide ratio select bit 

0 : X| N clock divided by 2 

1 : Xin clock divided by 32 

-Baud rate generating 
synchronous_clock select bit 

0 : Internal clock 

1 : External clock 
-CTSi pin I/O select bit 

0 : Input 

1 : Output 



FEi ORi PEi tempi =i x rdyi TxRDYi UARTi status register 



UARTi control register 

— Transmit enable bit 

0 : Transmit disable 

1 '. Transmit enable 

— Transmit interrupt enable bit 

0 Interrupt disable 

1 : Interrupt enable 

— Receive enable bit 

0 : Receive disable 

1 : Receive enable 

— Receive interrupt enable bit 

0 : Disable 

1 Enable 

~ CTSi pin function select bit 

0 : I/O port 

1 : CTSi pin 

~ CTSi output data select bit 

0 : "L" output 

1 : "H" output 

— Transmit side initialize bit 

0 '. Initialize 

1 '. Transmit enable 

— Error flag reset selection bit 

0 : Reset disable 

1 '. Error flag reset 



Transmitter ready flag 

0 : Transmit buffer full 

1 Transmit buffer empty 
^ Receiver ready flag 

0 : Receive buffer empty 

1 Receive buffer full 
1 Transmitter empty flag 

0 : Exit data for transmit 

1 : No data for transmit 
' Parity error flag 

0 No error 

1 : Error 

' Overrun error flag 

0 I No error 

1 : Error 

Framing error flag 

0 '. No error 

1 I Error 

L - — — CTSi pin input level flag 

0 : "L" 

1 : "H" 

Fig. 12 Structure of registers related to UARTi 
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[CTSi pin] 

The CTSi pin can be used as the 1 -bit I/O port when bit 4 
of the UARTi control register (CTSEi) is "0". In this case, 
the input/output direction can be determined by bit 7 of the 
UARTi mode register (CTSDi) and the output data can be 
set by bit 5 of, the UARTi control register (CTSOi). Addi- 
tionally, the input level can be known by bit 7 of the UARTi 
status register (CTSi). 

[UARTi mode register] 

• Parity enable bit : PENi 

Setting this bit to "1" adds a parity bit to the transmit 
data. In a receive operation, this bit is used for parity 
evaluation. 

• Parity select bit : EVNi 

This bit specifies the parity bit to be generated in a 
transmit operation and the parity bit to be evaluated in a 
receive operation. Depending on the content of this bit, 
the number of 1's in data is made even or odd. 

• Character length select bit CHLi 

This bit specifies the character length of data. 

• Stop bit length select bit : STi 

This bit specifies the stop bit length. 

• Baud rate generating prescaler divide ratio select bit 
BRi 

When this bit is "0", the signal obtained by dividing X, N 
clock by 2 becomes the count source of the baud rate 
divider. When this bit is "1", the signal is obtained by di- 
viding the clock by 32. 

• Baud rate generating synchronous clock selection bit : 
EXi 

This bit specifies baud rate synchronous clock. When 
this bit is "1", external clock is input from the CLK pin. 

• CTSi pin I/O select bit : CTSDi 

When this bit is "0", the CTSi pin is the input pin. 
When this bit is "1", the pin is the output pin. To use the 
CTSi pin as the CTSi input, set "0". 



• CTSi output data select bit : CTSOi 

When this bit is "0", "L" is output. When it is "1", "H" is 
output. 

• Transmit side initialize bit : MRi 

When this bit is "0", the transmit side is initialized. 

• Error flag reset select bit : ERSTi 

Setting this bit to "1" resets all error flags. When this bit 
is read, "0" is always read. 

[UARTi status register] 

• Transmitter ready flag .* TxRDYi 

When this flag is "1", it indicates that the transmit buffer 
register is empty and ready for writing transmit data. 

• Receiver ready flag : RxRDYi 

When this flag is "1", it indicates that the receive buffer 
register is holding receive data. When the receive buf- 
fer register is read, it is cleared. 

• Transmitter empty flag : TEMPi 

When this flag is "1 ", it indicates that neither the trans- 
mit shift register nor the transmit buffer register holds 
the data to be transmitted. 

• Parity error flag : PEi 

This bit is set to "1" when the parity of the received 
data is different from the parity which was set. 

• Overrun error flag : ORi 

When this flag is "1", it indicates that, before the data in 
the receive buffer register is read, the next data is 
transferred from the receive shift register to the receive 
buffer register and the previous data is lost. 

• Framing error flag FEi 

This flag is set to "1" when the stop bit is found "L" 
when data is transferred from the receive shift register 
to the receive buffer register. 

• CTSi pin input level flag : CTSi 

When the input level of the CTSi pin is "L", "0" is read; 
when it is "H", "1" is read. 



[UARTi control register] 

• Transmit enable bit : TEi 

Setting this bit to "1" enables a transmit operation. 

• Transmit interrupt enable bit : TlEi 

When this bit is "1", the interrupt in a transmit operation 
is enabled. 

• Receive enable bit : REi 

Setting this bit to "1" enables a receive operation. 

• Receive interrupt enable bit RlEi 

When this bit is "1", the interrupt in a receive operation 
is enabled. 

• CTSi pin function select bit : CTSEi 

When this bit is "1", the CTSi pin becomes the CTSi 
input. 
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RESET CIRCUIT 

The M37409M2-XXXSP is reset according to the sequence 
shown in Figure 14. It starts the program from the address 
formed by using the content of address 1FFF 16 as the high 
order address and the content of the address 1 FFE 16 as the 
low order address, when the RESET pin is held at "L" level 
for more than 2/us while the power voltage is in the recom- 



mended operating condition and the crystal oscillator 
oscillation is stable and then returned to "H" level. The in- 
ternal initializations following reset are shown in Figure 15 
and 16. 

An example of the reset circuit is shown in Figure 13. 
When the power on reset is used, the RESET pin must be 
held "L" until the oscillation of X, n -Xout becomes stable. 



M37409M2- 

XXXSP 



RESET 



22 



52 



OV • 



OV - 



• 4.5V 



"0. 6V 



M37409M2- 

XXXSP 



RESET V Cl 



22 




Supply voltage 
detection circuit 



Fig. 13 Example of reset circuit 



KXn) Jlfllf 



RESET 

SYNC 
Address 

Data 



Jiuifuuinr 



8 — 12 clock cycles 



J~~L 



Reset address from the vector table 



Note 1 *• Frequency relation of f(X, N ) and ^ is f(X, N ) =4*0 

2 : The mark " ? " means that the address is changeable depending on the previous state 



Fig. 14 Timing diagram at reset 
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Local bus address 


(1) 


Port P1 directional register 


(E1ie)- 


j oo 16 | 


(2) 


Dual-port RAM direction specify register (E2i 6 )- 


•xlxlooooloo 


(3) 


UART1 status register 


(E5 16 )- 


■IxTx [000101 


(4) 


UART1 mode register 


(E5 16 )- 


•|o|x|o|o|o|o|o|o| 


(5) 


UART1 control register 


(E6i 6 )- 


OO16 


(6) 


UART2 status register 


(E9 16 )- 


• X X 0 0' 0 1 0 1 


(7) 


UART2 mode register 


(E9 16 ) 


•jojxiojoiololojoj 


(8) 


UART2 control register 


(EA 16 )- 


j 00! 6 I 


(9) 


UART3 status register 


(ED 16 )- 


X X 0 0 0 1 0 1 


(10) 


UART3 mode register 


(ED 16 )- 


•0X000000 


(ID 


UART3 control register 


(EE 16 )- 


oo 16 


(12) 


IPC error register 0 


(F4 16 )' 


oo 16 


(13) 


IPC error register 1 


(F5 16 )- 


0016 


(14) 


IPC error register 2 


(F6 16 )- 


•I 00 16 I 


(15) 


IPC error register 3 


(F7 16 )- 


0016 


(16) 


IPC semaphore register 


(F9 16 )- 


oo 16 


(17) 


Collision detect register 


(FA 16 ) 


oo 16 


(18) 


Interrupt enable register 


(FB 16 ) 


0016 


(19) 


Interrupt request register 


(FC 16 )- 


I oo 16 I 


(20) 


Prescaler X 


(FD 16 ) 


FF 16 


(21) 


Timer X 


(FE 16 )- 


01 16 


(22) 


Timer control register 


(FF 16 ) 


•|oooxxx|oo| 


(23) 


Access flag 


(C0 16 ~D7 16 ) 


oo 16 


(24) 


Processor status register 


(PS)- 




(25) 


Program counter 


(PC H )- 


• Contents of address 1FFF 16 






(PC l )- 


• Contents of address 1FFE 16 


Since the contents of both registers other than those listed above and 
the RAM are undefined at reset, it is necessary to set initial values 



Fig. 15 Internal state of microcomputer at reset (1) 



System bus address 



(1) 


Port P0 directional register 


(F7 16 ) - 


oo 16 


(2) 


IPC error register 0 


(F8 16 )- 


oo 16 


(3) 


IPC error register 1 


(E9i 6 ) • 


oo 16 I 


(4) 


IPC error register 2 


' (FA 16 )- - 


00! 6 


(5) 


IPC error register 3 


(FB 16 )- 


00! 6 


(6) 


Collision detect register 


(FE 16 ) - 


00,6 


(7) 


IPC semaphore register 


(FF 16 ) 


00i 6 


(8) 


Access flag 


(C0~D7 16 )- 


00i 6 



Since the contents of both registers other than those listed above and 
the RAM are undefined at reset, it is necessary to set initial values 



Fig. 16 Internal state of microcomputer at reset (2) 



I/O PORTS 

(1 ) Port P0 System bus : address F6 16 
Port P0 is an 8-bit I/O port with CMOS output. It can 
be accessed from system bus only and can not be 
accessed from local bus. 

As shown in the memory map (Figure 1), port P0 can 
be accessed at system bus address F6 16 . Port P0 has a 
directional register (address F7 16 ) which can be used 
to program each individual bit as input ("0") or as out- 
put ("1"). If the pins are programmed as output, the 
output data is latched to the port register and then out- 
put. When data is read from the output port the output 
pin level is not read, only the latched data in the port 
register is read. This allows a previously output value to 
be read correctly even though the output voltage level 
is shifted up or down. Pins set as input are in the float- 
ing state and the signal levels can thus be read. When 
data is written into the input port, the data is latched 
only to the port latch and the pin still remains in the 
floating state. This port becomes input at reset. 

(2) Port P1 Local bus : address 00E0 16 

System bus address F5 16 
Port P1 is an 8-bit I/O port and connected to local bus. 
It has the same function as port P0 except the con- 
nected bus. 

It's directional register is at local bus address 00E1 16 . 
Also port P1 can be read from system bus but the pin 
state is read regardless the value of the port P1 direc- 
tional register. 

(3) Address pins 

Address pins A 0 ~A 7 are the input pins directly con- 
nected to the system bus. The 8-bit address corres- 
ponding to the system bus is input to these pins. The 
input level is TTL. 

(4) Data pins 

Data pins D 0 ~ D 7 are the output pins directly con- 
nected to the system bus. The 8-bit data corresponding 
to the system bus is input/output on these pins. When 
the CS pin is "L" and the RD pin is "L", the data pins 
become the output pins. When the CS pin is "L" and 
the WR pin is "L", the data pins become the input pins. 
Setting the CS pin to "H" puts pins D 0 ~D 7 in the float- 
ing state. The I/O level is TTL. 
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Port PO 



System bus . 



Directional register 



< 



Port latch 



Port P1 



Local bus . 



Directional register 



-< 



Port latch 



System bus 



<■ 



-e- 



=0^ 



-O PortPO 



-e- 



-O PortPI 



Fig. 17 Port PO, P1 block diagram 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
18. 

When the STP instruction is executed, the oscillation of in- 
ternal clock <f> is stopped in the "H" state. 
Also, the prescaler X and timer X are loaded with FF 16 and 
01 16 , respectively. The oscillator (dividing by 16) is then 
connected to the prescaler input. This connection is cleard 
when timer X overflows or the reset is in, as discussed in 
the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the internal clock <f> keeps its "H" level until timer 
X overflows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 
When the WIT instruction is executed, the internal clock <f> 
stops in the "H" level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 

To return from the stop or the wait status, the interrupt en- 
able bit must be set to "1" before executing STP or WIT in- 
struction. Especially, to return from the stop status, the tim- 
er X count stop bit (bit 5 of address 00FF 16 ) must be set to 
"0" before executing STP instruction. 
The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 19 and 20. 
The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock uasge is shown in Figure 21. 
X, N is the input, and X OU t is open. 




Fig. 19 External ceramic resonator circuit 



M37409M2-XXXSP 

X|N Xq 



23. 



Fig. 20 External ceramic resonator circuit 
(capacity built-in type) 



M37409M2-XXXSP 


X 


N 


23 1 





External oscillating circuit 



;in_rir 



Fig. 21 External clock input circuit 



Interrupt request 



Interrupt disable flag I 




STP instruction - 



S Q 



WIT instruction- R 



u 



6 



1/2 



1/2 



Reset 



- STP instruction 



Internal clocks 



1/8 



Prescaler X 



6 



Timer X converter stop bit 



Fig. 18 Block diagram of clock generating circuit 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer and the prescaler is 
1/(n+1). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) Change the address A 0 ~A 7 input and the CS input 
when both the RD input and WR input are "H". 

(4) Registers whose values change when read, are con- 
nected to the system bus of the M37409M2-XXXSP. If 
the master CPU generates an invalid read cycle, data 
is not correctly transferred. 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. 

(6) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(7) The STP instruction must be executed after setting tim- 
er X count enable bit to enable "0", timer X interrupt 
enable bit to inhibit ("0"), and timer X interrupt request 
bit to no request ("0"). 

(8) The power current is max. 10mA in DC. However, be- 
cause a rush current and a bus charge-discharge cur- 
rent flow transiently, a bypass capacitor must be con- 
nected between V S s and V cc . 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 

(3) ROM data EPROM 3sets 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s 
Output transistors cut-off 


—0. 3—7 


V 


v, 


Input voltage, RESET, X| N 


— 0. 3—7 


V 


V, 


Input voltage, P0 0 ~P0 7 , P1 0 ~P17, D 0 ~D 7 , A 0 ~A 7 , 
RD, WR, CS, CLK, RxD^RxDs, 
CTS^CTSa 


-0. 3— V C c+0. 3 


V 


v. 


Input voltage, C|MV S s 


-0. 3—13 


V 


V 0 


Output voltage, P0 0 ~P0 7 , P1 0 ~P17. Xchjt. ^ D o~D 7 , 
TxDi~TxD3, CTS7~CTS^ 


-0. 3-V C c+0. 3 


V 


Pd 


Power dissipation 


T a = 25°C 


1000 (Note 1 ) 


mW 


T opr 


Operating temperature 




-10-70 


°C 


Tstg 


Storage temperature 




-40-125 


°C 



Note 1 : 300mW for QFP types. 



RECOMMENDED OPERATING CONDITIONS (Vcc = 5V±10%, T a = -10~70°C, unless otherw.se noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ. 


Max 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


V ss 


Supply voltage 




0 




V 


V, H 


"H" input voltage X, N , RESET, CLK, P0 0 ~P0 7 , 

P1o~P1 7 , RxDi~R x D 3 , Cfs7~CTS^ 


0. 8V CC 




Vcc+0.3 


V 


V, H 


"H" input voltage A 0 ~A 7 , D 0 ~D 7> RD, WR, CS 


2 




Vcc+0.3 


V 


V, L 


"L" input voltage P0 0 ~P0 7 , P1o~P1y, CLK, 
R x Di~RxD3, CTSi~CTS 3 


-0.3 




0. 2V CC 


V 


V, L 


"L" input voltage A 0 ~A 7 , D 0 ~D 7 , RD, WR, CS 


—0.3 




0.8 


V 


V,u 


"L" input voltage RESET 


-0.3 




0.12V CC 


V 


V, L 


"L" input voltage Xin 


-0.3 




0.16V CC 


V 


'OH 


"H" output current P0 0 ~P0 7 , P1 0 ~P17. 0- 

T x Di~T x D 3 , CTS^~CTS^ 






-10 


mA 


'oh 


"H" output current D 0 ~D 7 






-1.0 


mA 


l0L 


"L" output current P0 0 ~P0 7 , P1 0 ~P17. 0. 

TxDi~T x D 3 , Cts7~CfS^ 






10 


mA 


'OL 


"L" output current Do~D 7 






-1.6 


mA 



Note 1 The average output current l OL (avg) and 'oHpvg) a re tne averag e value of a period of 100ms 
2 : Total of loupeak). o f P°rts PO, P1, TxD!— T X D 3 and CTS^ CTS 3 is -50mA 
Total of loH(peak). of ports P0, PI, T X D!~ T X D 3 and CTSt— CTS 3 is 50mA 
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ELECTRICAL CHARACTERISTICS (V C c = 5V, V ss = OV, T a = 25°C unless otherwise noted) 



Symbol 


Parameter 


Tsst conditions 


Limits 


Unit 


Mm 


Typ 


Max. 


v OH 


"H" output voltage P0 0 ~P0 7 , P1 0 ~P17, 4>, TxDi~TxD 3 , 
CTSi—CTSa 


1^ = — 10mA 


Vcc-2 






v 


VoH 


"H" output voltage D 0 ~D 7 


Ioh =— 1 rnA 


2.4 






V 


Vol 


"L" output voltage P0 0 ~ P0 7 , P1 0 ~P1 7 . 4>, TxDi~TxD 3 , 
CTSi~CTS 3 


l O L=10mA 






2 


V 


Vol 


"L" output voltage D 0 ~D 7 


Iol— 1.6mA 






0.4 


V 


1, 


Input leak current A 0 ~A 7 , RD, WR, CS, CLK 


Vss^Vi^Vcc 


-5 




5 


M A 




Input leak current RESET, X| N 


V SS ^V|^7V 


—5 




5 


juA 


loz 


Tn-state leak current P0 0 ~P0 7 , P1 0 ~P1 7 , 
D 0 ~D 7 , CTSt-CTSs 


V ss +0.5^Vo^Vcc-0. 5V 


-5 




5 


juA 


v T +-v T _ 


Hysteresis RESET, CLK, R x Di~RxD 3 , 
CtS^-CTSs" 






0.6 




V 


'cc 


Supply current 


Output terminals 
are opened, 
others to Vss. 
CS=V CC 


f(x lN )=8~10MHz 
Square wave 






10 


mA 


ditto 

(wait mode) 






1 


At stop mode 
T a = 25°C 






1 


juA 


At stop mode 
T a = 70°C 






10 
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TIMING REQUIREMENTS 

System bUS (V C c=5V±10%, V ss =0V, T a =-10~70°C, f(X, N )=5~10MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ. 


Max. 


*SU(A-WR) 


A 0 ~A 7 CS input set-up time 




50 






ns 


tsu(A— RD) 


A 0 ~A 7 CS input set-up time 




50 






ns 


tsU(D-WR) 


D 0 ~D 7 input set-up time 




80 






ns 


th(WR— A) 


A 0 ~A 7 CS input hold time 


Fig. 22 


0 






ns 


th(RD— A) 


A 0 ~A 7 CS input hold time 


0 






ns 


th(WR— D) 


D 0 ~D 7 input hold time 




10 






ns 


tw(WR) 


WR input "L" pulse width 




200 






ns 


*W(RD) 


RD input "L" pulse width 




200 






ns 



LOCal bUS (V C c=5V±10%, V ss =0V, T a =-10~70°C, f(X, N )=5~10MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm. 


Typ 


Max. 


tsu(pi— <t> ) 


P1o~P17 input set-up time 


Fig. 22 


300 






ns 


th(*-pi) 


P1 0 ~P17 input hold time 


50 






ns 



SWITCHING CHARACTERISTICS 

System bUS (V oo =5V±10%, V ss =0V, T a =-10~70'C, f(X, N )=5~10MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm. 


Typ. 


Max. 


td(D-RD) 


D 0 ~D 7 output delay time 


Fig. 22 






150 


ns 


tv(D— RD) 


D 0 ~D 7 output effective time 


0 






ns 


ten(RD-D) 


Do~D 7 output enable time 


10 






ns 


*diS(RD-D) 


D 0 ~D 7 output disable time 






50 


ns 



LOCal bUS (V CC =5V±10%, V S s=0y, T a =-10~70°C, f(X IN )=5~10MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ. 


Max 


td(<*-pi) 


P1o~P17 output delay time 


Fig. 22 






300 


ns 




Fig. 22 Port P0, P1, D 0 ~D 7 test circuit 
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TIMING DIAGRAMS 

System bus write cycle 



WR 



A 0 ~A 7 , CS 



X 



tsU(A-WR) 



\ 



D 0 ~D 7 input 



tw(WR) 



tsil(D-WR) 



th(WR-A) 



x: 



th(WR-D) 



> 



System bus read cycle 



RD 



A 0 ~A 7 , CS 



3; 



D 0 ~D 7 output 



*SU(A-RD) 



Tw(RD) 



td(D-RD) 



ten(RD-D) 



/ 



th(RD-A) 



x: 



tdlS(RD-D) 




k ELECTRIC 3 99 



MITSUBISHI MICROCOMPUTERS 

M37409M2-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



Local bus 



t<j(0-pi) 



P1 0 ~P1 7 output 



X 



P1o~P1 7 input 



\ 



tsu(pi-^ ) 



th(<6-pD 



i 



> 
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DESCRIPTION 

The M37410M3HXXXFP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
80-pin plastic molded QFP. This single-chip microcomputer 
is useful for business equipment and other consumer ap- 
plications. 

In addition to its simple instruction set, the ROM, RAM, and 
I/O addresses are placed on the same memory map to en- 
able easy programming. 

This microcomputer is also suitable for applications which 
require controlling LCDs. 

The differences among the M3741 0M3HXXXFP, the 
M3741 0M4HXXXFP and the M3741 0M6HXXXFP are noted 
below. The following explanations apply to the M37410M3H 
XXXFP. Specification variations for other chips are noted 
accordingly. 



Type name 


ROM size 


RAM size 


M3741 0M3HXXXFP 


6144 bytes 


192 bytes 


M3741 0M4HXXXFP 


8192 bytes 


256 bytes 


M3741 0M6HXXXFP 


12288 bytes 


256 bytes 


FEATURES 

• Number of basic instructions 


69 



Memory size 

ROM 6144 bytes ( M3741 0M3HXXXFP) 

8192 bytes ( M3741 0M4HXXXFP) 
12288 bytes ( M3741 0M6HXXXFP) 

RAM 192 bytes ( M3741 0M3HXXXFP) 

256 bytes ( M3741 0M4HXXXFP, 
M3741 0M6HXXXFP) 
Instruction execution time (minimum instructions) 

at high-speed mode 1/^s 

at low-speed mode 4/is 

Single power supply 

f(X, N )=8MHz 4.5-5.5V 

f(X, N )=2MHz 2.5-5.5V 

Power dissipation 
normal operation mode (at 8MHz frequency) 

30mW (V CC =5V, Typ.) 

low-speed operation mode (at 32kHz frequency for 

clock function) 54/iW (V CC =3V, Typ.) 

RAM retention voltage (stop mode) 

2.0V^V RAM ^5.5V 

Subroutine nesting 96levels (Max.) 

Interrupt 10types, 5vectors 

8-bit timer 4 (3 when used as serial I/O) 

16-bit timer 1 (Two 8-bit timers make one set) 

Programmable I/O ports 

(Ports PO, P1, P2> P3, P5) 40 

Input port (Port P4) 4 

Serial I/O (8-bit) 1 

A-D converter 8-bit, 8channel 



PIN CONFIGURATION (TOP VIEW) 



SEG 19 /IN 4 
SEG 20 /IN 3 ■ 
SEG 21 /IN 2 - 
SEGaz/IN, 
SEG Z3 /IN 0 
AV SS 



P5 7 /PWM3 ■ 
P5 6 /PWM2 ■ 
P5 5 /PWM1 • 
P5 4 /PWM0 ■ 
P5 3 /SIG 
P5 2 /CNT 2 • 
PSt/CNT, 
P5 0 /INT 3 ■ 

P37/Srdy " 

PVCLK 
P3 5 /Sout ' 
P3 4 /S IN ■ 



•7 ~r -7 *T *T *t 
— — _ Q. 0- Q_ CL 

dcudddddduoooooooool 

WUJlllllJUJLUWLUUIUJUJWlllLUUJWLUlJJLLlO 

t n u t it 1 1 1 1 1 1 1 1 1 1 1 1 



O 



2 

4* 
O 

CO 

I 

X 
X 
X 



o 



o 



'I211I22II23H241I2SII26II27H28H29II30II31II32H33II34II 

Htlt t t i tUt 

2 o.c? 



II II II 'IIbII N' 

a. cl K. K. ° a 



C0M 2 
COM, 
COM 0 
V L1 



P2 0 
P2i 
P2 2 
P2 3 
P2 4 
P2 5 
P2 6 
P2 7 
P0 0 
PO, 
P0 2 
P0 3 
P0 4 
P0 5 



Outline 80P6S 



• LCD controller/driver (1/2, 1/3 bias, 1/2, 1/3, 1/4 duty) 

segment output 24 

common output 4 

• Two clock generating circuits 

(One is for main clock, the other is for clock function) 

APPLICATION 

Audio-visual equipment, 

Remote control, \ 
Camera 
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M3741 0M3HXXXFP BLOCK DIAGRAM 

Clock input Clock output Interrupt input Reset input 

XqUT 



Reference 
voltage input 

AV SS V REF 



I/O port P5 




Segment output(24) SEG 
SEG 



Common Power supply 
output for LCD 
COM 



I/O port P3 



I/O port P2 



I/O port P1 



I/O port PO 



Note 1 : 8192 bytes for M3741 0M4HXXXFP and 12288 bytes for M3741 0M6HXXXFP 
2 : 256 bytes for M3741 0M4HXXXFP and M3741 0M6HXXXFP 
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FUNCTIONS OF M3741 0M3HXXXFP 



Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


1//s (minimum instructions, at 8MHz frequency) 


Clock frequency 


8MHz (at V C c == 5V±109^) 


Memory size 


M37410M3HXXXFP 


ROM 


61 44bytes 


RAM 


192bytes 


M37410M4HXXXFP 


ROM 


81 92bytes 


RAM 


256bytes 


M3741 0M6HXXXFP 


ROM 


1 2288bytes 


RAM 


256 bytes 


RAM for display LCD 


1 2bytes 


Input/Output port 


PO, P1, P2, P3, P5 


I/O 


8-bitX5 


P4 


Input 


4-bitX1 (port P4 are in common with SEG) 


SEG 


LCD output 


24-bitXl 


COM 


LCD output 


4-bitXl 


Serial I/O v 


8-bitX1 


Timers 


8-bit timerX4 


16-bit timerXl (combination of two 8-bit timers) 


LCD controller/driver 


Bias 


1/2, 1/3 bias selectable 


Duty ratio 


1/2, 1/3, 1/4 duty selectable 


Common output 


4 


Segment output 


24 (SEGi2~SEG23 are in common with port P4 and analog input pins IN 7 ~IN 0 ) 


Subroutine nesting 


96 (max) 


Interrupt 


Three external interrupts, three timer interrupts, serial I/O interrupt, 
A-D interrupt, key on wake up, one software interrupt 


Clock generating circuit 


Two built-in circuits (ceramic or quartz crystal oscillator ) 


Operating temperature range 


-20~75°C 


Device structure 


CMOS silicon gate 


Package 


80-pin plastic molded QFP 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc, 
V ss 


Supply voltage 




Power supply inputs 5V±10% to V C c. and OV to V S s 


CNVss 


CNVss 




This is connect to V S s 


RESET 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 16//S (under normal Vcc 
conditions) If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time 




Clock input 


Input 


These are I/O pins of internal clock generating circuit for main clock To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the X| N and X 0 ut pins. If an external 
clock is used, the clock source should be connected the X iN pin and the Xout pm should be left open 


XoUT 


Clock output 


Output 


IN^ 


Interrupt input 


Input 


This is the highest order interrupt input pin 


AV SS 


Voltage input for A-D 




This is GND input pin for the A-D converter 


Vref 


Reference voltage 
input 


Input 


This is reference voltage input pin for the A-D converter 


P0 0 ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output At reset, this port is set to input mode The output structure is CMOS output 


P1 0 ~P1 7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO, but the output structure is N-ch 
open drain 


P2 0 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO and also works as the key on 
wake up function with mask option 


P3 0 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port P1 When serial I/O is used, P3 7 , 
P36, P3 5 , and P3 4 work as S RDY , CLK, S 0 ut, and Sin pins, respectively Also P3 3 , P3 2 , P3i, and P3 0 work as 
timer 4 overflow signal divided by 2 output pin (T), INT 2 pin, X C in and X C out P'ns, respectively 


SEG 12 /P4 3 
SEG 15 /P4 0 


Segment output 
/Input port P4 


Output 

/ 

Input 


SEG 12 ~SEG 15 work as input port P4 and also used by 2-bit unit as LCD segment output 


P5 0 ~P5 7 


I/O port P5 


I/O 


Port P5 is an 8-bit I/O port and has basically the same function as P1 P5 0 , P5i, P5 2 and P5 3 are in common 
with INT 3 , timer3 input, timer5 input and A-D trigger input respectively P5 4 ~P5 7 are also in common with 
PWM0-PWM3 


v L1 ~v L3 


Voltage input for LCD 


Input 


These are voltage input pins for LCD Supply voltage as OV^Vli^V l2 ^V l3 ^Vcc 0~V l3 V is supplied to 
LCD. 


COMo~ 
COM 3 


Common output 


Output 


These are LCD common output pins At 1/2 duty, COM 2 and COM 3 pins are not used At 1/3 duty, COM 3 is 
not used 


SEG 0 ~ 
SEGu 


Segment output 


Output 


These are LCD segment output pins 


SEG 16 /IN 7 
S 

SEG 23 /IN 0 


Segment output 
/Analog input 


I/O 


SEG 16 ~SEG 23 work as analog input pins IN 7 ~IN 0 

SEG 16 ~SEG 19 are used by 2-bit unit and SEG 20 ~SEG 23 by 4-bit unit 



I 
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FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 



The M37410 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 
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MEMORY 

• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 

• RAM 

RAM is used for data storage as well as a stack area. 

• ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 



• Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 

• Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

• Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 



ROM 
(12288 bytes) 

for < 
M37410M6H 
XXXFP 



RAM 
(192 bytes) \ 

RAM for LCD } 
(12 bytes) { 



RAM 
(64 bytes) 
for I 
M37410M4H 
XXXFP I 
M37410M6H 
XXXFP 



ROM 
(8192 bytes) 
for 

M37410M4H 
XXXFP 



ROM 
(6144 bytes) 
for 

M37410M3H 
XXXFP 



0000 16 

00BF 16 
00CB 16 

00E0 16 

0100 16 
013F 16 

1000 16 
2000 16 

2800 16 
3F00 16 



3FF4 16 



Not used 



SFR area 



Not used 



Zero page 



Special page for 
subroutine call 



Interrupt vector area 



3FFF 16 



r ig. 1 Memory map 
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00E0 16 


Port PO 


00F0 16 


Interrupt request distinguish register 2 


0OE1 16 


Port PO directional register 


00F1 16 


Timer 6 latch 


00E2 16 


Port P1 


00F2 16 


A-D control register 


0OE3 16 


Port P1 directional register 


00F3 16 


PWM control register 


00E4 16 


Port P2 


00F4 16 


Segment control register 


0OE5 16 


Port P2 directional register 


00F5 16 


LCD mode register 


00E6 16 




00F6 16 


Serial I/O mode register 


0OE7 16 




00F7 16 


Serial I/O register 


00E8 16 


Port P3 


00F8 16 


Timer 4, 5, 6 mode register 


00E9 16 


Port P3 directional register 


00F9 16 


Timer 1 latch 


00EA 16 


Port P4 


00FA 16 


Timer 2 latch 


00EB 16 


Interrupt request distinguish register 1 


00FB 16 


Timer 3 latch 


00EC 16 


Port P5 


00FC 16 


Timer 4 latch 


00ED 16 


Port P5 directional register 


00FD 16 


Timer 5 latch 


00EE 16 


P2 Key on wake up register 


00FE 16 


Interrupt control register 


00EF 16 


A-D register 


00FF 16 


Timer control register 



Fig. 2 SFR (Special Function Register) memory map 



A MITSUBISHI 
ELECTRIC 



3-107 



MITSUBISHI MICROCOMPUTERS 

M37410M3HXXXFP,M37410M4HXXXFP 

M37410M6HXXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



INTERRUPT 

The M3741 0M3HXXXFP can be interrupted from ten sources; 
INT 1f Timer 2 or Serial I/O, INT 3 or Key on wake up, INT 2 
or Timer 3, Timer 6 or A-D, and BRK instruction. 
"Key on wake up" can only be used at power down state by 
STP instruction or WIT instruction. When one of the P2 or 
P7 is "L", an interrupt occurs. 

These interrupts are vectored and their priorities are shown 
in Table 1. Reset is included in this table since it has the 
same function as an interrupt. 

When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, and the interrupt 
disable flag (I) is set, and the program jumps to the 
address specified by the interrupt vector, and the interrupt 
request bit is cleared automatically. The reset interrupt is 
the highest priority interrupt and can never be inhibited. Ex- 
cept for the reset interrupt, all interrupts are inhibited when 
the interrupt disable flag is set to "1". All of the other inter- 
rupts can further be controlled individually via the interrupt 
control register shown in Figure 3. An interrupt is accepted 
when the interrupt enable bit and the interrupt request bit 
are both "1" and the interrupt disable flag is "0". 
The interrupt request bits are set when the following condi- 
tions occur: 

(1) When/the INT^ INT 2 or INT 3 pins go from "H" to "L" or 
"L" to "H" 

(2) When the levels any pin of P2 or P7 goes "L"(at power 
down mode) 

(3) When the contents of timer 2, timer 3, timer 6 or the 
counter of serial I/O goes "0" 

These request bits can be clear by a program but can not 
be set. The interrupt enable bit can be set and clear by a 
program. 

When the two interrupt requests, which are the same prior- 
ity and are at the same sampling, the priority process is 
processed by interrupt request distinguish register 1 and 2. 
The interrupt request distinguish bit is used by software to 
determine priority when two interrupt causes are allocated 
to the same interrupt vector(that is, the two interrupts have 
the same priority). 

Irrespective of whether the interrupt is disabled or enabled, 
the interrupt request distinguish bit is automatically set to 
"1" when conditions arise that satisfy the interrupt cause. 
However, the interrupt request distinguish bit is not auto- 
matically cleared. The bit must therefore be cleared by 
software in the interrupt service routine (before executing 
an RTI instruction). 

Note that when using the instruction CLB to clear this bit, 
the request distinguish bit of an interrupt that is generated 
during execution of CLB will not be set(to "1"). Use one of 
the following two methods to clear interrupt request disting- 
uish bits: 



© Use instruction LDM to write directly to address 0OEB 16 
(interrupt request distinguish register 1) or 00F0 16 
(interrupt request distinguish register 2). 



(2) Use instructions LDA, ORA, AND, and STA to write via 
the accumulator to address 00EB 16 (interrupt request 
distinguish register 1)or 00F0 16 ( interrupt request disting- 
uish register 2). 



Because an interrupt request is generated only at the time 
the interrupt request distinguish bit is set(to "1"), no inter- 
rupt will be generated while the interrupt request disting- 
uish bit remains in the set state. For this reason, the inter- 
rupt request distinguish bit must be cleared by software in 
the interrupt service routine. 



LDM #$nn, $zz 
, Where zz is the address(00EB 16 or 00F0 16 )of the interrupt request 
; distinguish register that includes the interrupt request distinguish 
; bit that is to be cleared and nn sets the interrupt request disting- 
; uish bit to be cleared to "0" and other interrupt request distinguish 
; bits to "1". 

, Other control bits must be set according to the required control 
, (interrupts enabled or disabled) 

[Example] Clearing the INT 2 interrupt request distinguish bit 
LDM 1X1X0X1XB, $00EB 
MM 

Of the interrupt request distinguish bits.only the INT 2 interrupt re- 
quest distinguish bit, which is to be cleared, should be set to "0 " 
The values of bits marked "X" are determined by the control 
being effected 



LDA $zz 
ORA #$nn 
AND #$nn 
STA $zz 

, Where zz is the address(00EB 16 or 00F0 16 )of the interrupt request 
, distinguish register that includes the interrupt request distinguish 
, bit that is to be cleared and nn sets the interrupt request disting- 
; uish bit to be cleared to "0" and other interrupt request distinguish 
; bits to "1" Other control bits must be set according to the required 
; control (interrupts enabled or disabied) 
[Example] Clearing the timer 6 interrupt request distinguish bit 

LDA $00F0 

ORA XX1X1X0XB 
t t t 

Of the interrupt request distinguish bits, only the interrupt request 
distinguish bit for timer 6, which is to be cleared, shoud be set to 
"0" The values of bits marked "x" are detemined by the control 
being effected 

i 1 1 
AND XX1X1X0XB 
STA $00F0 
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Since the BRK instruction interrupt and the timer 6 or A-D, 
interrupt have the same vectored address, the contents of 
the B flag must be checked to determine if the BRK in- 
struction caused the interrupt or if timer 6 or A-D generated 
the interrupt. 



Table 1. Interrupt vector address and priority 



Event 


Priority 


Vector addresses 


Remarks 


RESET 


1 


3FFF 16 , 3FFE 16 


Non-maskable 


INT! interrupt 


2 


3FFD 16 , 3FFC 16 


External interrupt 


Serial I/O or timer 2 interrupt 


3 


3FFB 16 , 3FFA 16 




INT 3 or key on wake up interrupt 


4 


3FF9 16 , 3FF8 16 


External interrupt 


INT 2 or timer 3 interrupt 


5 


3FF7 16 , 3FF6 16 


External interrupt (INT 2 ) 


Timer 6 or A-D interrupt 
(BRK instruction interrupt) 


6 


3FF5 16 , 3FF4 16 


(Non-maskable software interrupt) 




Key on wake up register 

(00EE, 6 address) 7 Q 

1,1,1,1,1,1,1,1,1 I I I I I I II, 




Interrupt request -^T >- Interrupt disable flag I 



Interrupt request distinguish register 1 (00EB 16 address) 
Bit 7 : Serial I/O interrupt request distinguish bit 
Bit 6 : Serial I/O interrupt enable bit 
Bit 5 : Timer 2 interrupt request distinguish bit 
Bit 4 : Timer 2 interrupt enable bit 
Bit 3 : INT 2 interrupt request distinguish bit 
Bit 2 : INT 2 interrupt enable bit 
Bit 1 Timer 3 interrupt request distinguish bit 
BitO : Timer 3 interrupt enable bit 

Interrupt request distinguish register 2 (00F0 16 address) 
Bit 5 ' INT 3 interrupt request distinguish bit 
Bit 4 : INT3 interrupt enable bit 
Bit 3 A-D interrupt request distinguish bit 
Bit 2 : A-D interrupt enable bit 
Bit 1 : Timer 6 interrupt request distinguish bit 
BitO .* Timer 6 interrupt enable bit 

Interrupt control register (0OFE 16 address) 
Bit 7 : INTi interrupt request bit 
Bit 6 '. INT t interrupt enable bit 
Bit 5 : INT3 or key on wake up interrupt request bit 
Bit 4 : INT3 or key on wake up interrupt enable bit 
Bit 3 : INT 2 or timer 3 interrupt request bit 
Bit 2 : INT 2 or timer 3 interrupt enable bit 
Bit 1 : Timer 6 or A-D interrupt request bit 
BitO : Timer 6 or A-D interrupt enable bit 

Timer control register (00FF 16 Address) 

Bit 7 Serial I/O or timer 2 interrupt request bit 
Bit 6 I Serial I/O or timer 2 interrupt enable bit 



Fig. 3 Interrupt control 
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TIMER 

The M3741 0M3HXXXFP has six timers; timer 1, timer 2, 
timer 3, timer 4, timer 5 and timer 6. 
A block diagram of timerl through 6 is shown in Figure 4. 
The count source for timer 1 through 3 can be selected by 
using bit 2, 3, 4 and 5 of the timer control register (address 
00FF 16 ) , as shown in Figure 5. All of the timers are down 
count timers and have 8-bit latches. When a timer reaches 
"0" and the next count pulse is input to a timer, the con- 
tents of the reload latch are loaded into the timer. The divi- 
sion ratio of the timer is 1/(n+"l), where n is the contents 
of timer latch. 

Timer 2, 3 and 6 has interrupt generating functions. The 
timer interrupt request bit which is in the interrupt disting- 
uish register 1 or 2 (located at addresses 00EB 16 and 
00F0 16 respectively) is set at the next count pulse after the 
timer reaches "0" (see interrupt section). 
The starting and stopping of timerl is controlled by bit 7 of 
the interrupt distinguish register 2, timer 3 by bit 6 of the in- 
terrupt distinguish register 2 and timer 4 by bit 3 of timer 4, 
5 and 6 mode register (0QF8 16 address). If the correspond- 
ing bit is "0". the timer starts counting, and the correspond- 
ing bit is "1", the timer stops. The timer4 overflow signal di- 
vided by 2 can be outputed from port P3 3 by setting the bit 
4 of the serial I/O mode register (00F6 16 address) to "1". 
Timer 5 and 6 work as timer mode, event counter mode 
and PWM mode by changing the contents of bit 5 and bit 6 
of the timer 4, 5 and 6 mode register. 

(1) Timer Mode 

This mode is the 16-bit timer, and the count source is <j>/4. 
When the bit 6 of PWM control register (00F3 16 address) is 
"1", the timer6 overflow singnal divided by 2 is output from 
CNT 2 pin (common with P5 2 ). 

(2) Event Counter Mode 

The count source is input from the CNT 2 pin. The count de- 
cremented each time the input goes from "L" to "H". 

(3) PWM Mode 

As shown in Figure 7, the output wave is controlled by the 
contents of the timer latch of timer 5 and 6. 
PWM output can choose among PWMO, PWM1, PWM2 and 
PWM 3 by bit 0, bit 1, bit 2 and bit 3 of PWM control reg- 
ister. 

When the count value of all timers, from timer 1 to timer 6, 
are read, be careful not to change the input source. 
When the count source is inputed from the external pin, the 
minimum pluse width should be 8jus. 
After a STP instruction is executed, timer 2, timer 1, and the 
clock (0 divided by 4) are connected in series (regardless 
of the status of bit 2 through 5 of the timer control register). 
This state is canceled if timer2 interrupt request bit is set to 
"1", or if the system is reset. Before the STP instruction is 
executed, bit 7 of the interrupt request distinguish register2 
(timerl count stop bit) , bit 5 of the interrupt request dis- 
tinguish registerl, and bit 6 and bit 7 of the timer control 



register must be set to "0" (prohibition). And also*bit 4 of 
the interrupt request distinguish registerl must be set to 
"1". For more details on the STP instruction, refer to the 
oscillation circuit section. 
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Overflow flag WC 5 



— *• LCDCK 



Select gate at reset, shaded side is connected 

IF1 : Interrupt request distinguish register 1 

IF2 *. Interrupt request distinguish register 2 

TC : Timer control register 

CM : Timer 4, 5, 6 mode register 

WC : PWM control register 

SM : Serial I/O mode register 
PSi/CNTi 

P3 6 /S C LK 



Timer 2 interrupt request bit 
IF1 5 



Serial I/O interrupt request bit 
IFI7 




P5 2 /CNT ; 



WC 0 

P5 4 /PWM0 

WC 

P5 5 /PWM1 

WC; 

P5 6 /PWM2 

WC ; 

P5 7 /PWM3 



Fig. 4 Block diagram of timer 1 through 6 
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7 0 

I i I I | J 1 "" "| Timer control register 

(Address 00FF 16 ) 



Processor mode bit 

00 '. Single-chip mode 

01 : Not used 

10 : Not used 

1 1 : Not used 

Timer 1 count source selection bit 

0 : ^ divided by 4 

1 : Clock for clock function (X C in) 

Timer 2 count source selection bit 

0 : Timer 1 overflow 

1 : Clock for clock function (X C in) 

Timer 3 count source selection bit 

00 : <t> divided by 4 

01 '. Timer 2 overflow 
10 : CNTt input 

Serial I/O or timer 2 interrupt enable bit 

0 : Interrupt inhibit 

1 : Interrupt enable 

Serial I/O or timer 2 interrupt request bit 

0 : No interrupt request 

1 .' With interrupt request 



Fig. 5 Structure of timer control register 



7 0 

Timer 4,5,6 mode register 
I 1 I I I I I I (Address 00F8 16 ) 

I — INT! input polarity selection bit 

0 : Interrupt request by falling edge 

1 : Interrupt request by rising edge 
INT 2 input polarity selection bit 

0 : Interrupt request by falling edge 

1 : Interrupt request by rising edge 
' ; INT 3 input polarity selection bit 

0 : Interrupt request by falling edge 

1 : Interrupt request by rising edge 
' Timer 4 count stop bit 

0 : Count start 

1 : Count stop 

' Timer 4 overflow bit 

0 : No timer 4 overflow 

1 *. With timer 4 overflow 
' Timer 5,6 mode bit 

00 : Timer mode 

01 : Event counter mode 

10 : Pulse width measurement mode (count source 0/4) 

11 : Pulse width measurement mode (count source is overflow of timer 4) 
Timer 5,6 count stop bit 

0 : Count start 

1 : Count stop 

Fig. 6 Structure of timer 4,5,6 mode register 
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PWM 

M3741 0M3HXXXFP has a pulse width modulated (PWM) 
output control circuit connecting with timer5 and timer6. 



Figure 6 shows the structure of timer 4,5,6 mode register, 
Figure 7 shows the PWM rectangular wave form and Figure 
8 shows the structure of PWM control register. 







PWM _ 

wave form 


I 




jimer6|^ timer 5 


timer 5+timer 6 





Fig. 7 PWM rectangular wave form 



i, 



PWM control register 

(00F3 16 address) 

P5 4 /PWM0 selection bit 

0 : P5 4 

1 : PWMO 
■P5 5 /PWM1 selection bit 

0 : P5 5 

1 : pwmi 
-P5 6 /PWM2 selection bit 

0 : P5 6 

1 : PWM 2 

■ P5 7 /PWM3 selection bit 

0 : P5 7 

1 : PWM3 
P5 3 /SIG selection bit 

0 : P5 3 

1 : SIG 

- Timer 1 overflow flag 

P5 2 /CNT 2 selection bit 

0 : P5 2 

1 : CNT 2 



Fig. 8 Sturcture of PWM control register 
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SERIAL I/O 

The block diagram of serial I/O is shown in Figure 9. In the 
serial I/O mode the receive ready signal (S RDY ) , synchro- 
nous input/output clock (CLK) . and the serial I/O (S OU t. 
S| N ) pins are used as P3 7 , P3 6 , P3 5 , and P3 4 , respectively. 
The serial I/O mode register (address 00F6 16 ) is an 8-bit 
register. Bit 1 and 0 of this register is used to select a syn- 
chronous clock source. When these bits are [00] or [01 ] , 
an external clock from P3 6 is selected. When these bits are 
[10] , the overflow signal divided by two from timer 3 be- 
comes the synchronous clock. Therefore, changing the tim- 
er period will change the transfer speed. When the bits are 



[11] , the internal clock <j> divided by 4 becomes the clock. 
Bits 2 and 3 decide whether parts of P3 will be used as a 
serial I/O or not. When bit 2 is "1", P3 6 becomes an I/O pin 
of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P3 6 . If the exter- 
nal synchronous clock is selected, the clock is input to P3 6 . 
And P3 5 will be a serial output and P3 4 will be a serial in- 
put. To use P3 4 as a serial input, set the directional register 
bit which corresponds to P3 4 , to "0". For more information 
on the directional register, refer to the I/O pin section. 
To use the serial I/O, bit 2 needs to be set to "1", if it is "0" 
P3 6 will function as a normal I/O. Bit 3 determines if P3 7 is 



Divider 



Internal i i 
clock * — 1 1/4 K 



O 



P3eQ- 



P3 5 (> 
P3 4 O- 



From internal clock 
divided by 4 or 
timer 2 or CNI - ! input 



6 



Timer 3 (8) 



P rescal er (Address 00FB 16 ) 
-fj/2] 




- Interrupt request 
distinguish register 1 



Interrupt request 
distinguish register 1 



— * MSB Serial I/O register (8) LSB | 

(Address 00F7 16 ) 
I Data bus 



II I I I I I Serial 1/0 mode register 
I * I , * , I I (Address 00F6 16 ) 



Synchronous clock selection bit 
00 : 



01 : 



External clock 



10 : Timer 3 overflow signal divided by 2 

11 '. Timing ^ divided by 4 



Serial I/O port selection bit (P3 5 , P3 6 ) 

0 : Normal I/O port 

1 I Serial I/O port 



Srdy signal output selection bit (P3 7 ) 

0 : Normal I/O port 

1 : Srdy signal output pin 



Fig. 9 Block diagram of serial I/O 
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used as an output pin for the receive data ready signal (bit 
3='T\ S R dy) or used as a nomal I/O pin (bit 3="0"). 
Tfie function of serial I/O differs depending on the clock 
source; external clock or internal clock. 
Internal Clock — The 

Srdy signal becomes "H" during 
transmission or while dummy data is stored in the serial I/O 
register. After the falling edge of write signal, the S RDY sig- 
nal becomes low signaling that the M3741 0M3HXXXFP is 
ready to receive the external serial data. The 

Srdy signal 

goes "H" at the next falling edge of the transfer clock. The 
serial I/O counter is set to 7 when data is stored in the se- 
rial I/O register. At each falling edge of the transfer clock, 
serial data is output to P3 5 . During the rising edge of this 
clock, data can be input from P3 4 and the data in the serial 
I/O register will be shifted 1 bit. Data is output starting with 



the LSB. After the transfer clock has counted 8 times, the 
serial I/O register will be empty and the transfer clock will 
remain at a high level. At this time the interrupt request bit 
will be set. 

External Clock — If an external clock is used, the interrupt 
request bit will be set after the transfer clock has counted 8 
times but the transfer clock will not stop. Due to this 
reason, the external clock must be controlled from the out- 
side. The external clock should not exceed 250kHz at a 
duty cycle of 50%. When the external clock is chosen, the 
P3 6 pin must be held at "H" level while the serial I/O is not 
used. 

Timing diagrams are shown in Figure 10, and connection 
between two M37410M3HXXXFP's are shown in Figure 11. 




Interrupt request bit set 



Fig. 10 Serial I/O timing 
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Sending side Receiving side 



Serial I/O mode register 


P3 7 


^ S R dy 


P3 7 


Serial I/O mode register 


bit 3 bitO 






bit 3 




bitO 










I'l' 


0 


X 




Set the directional 
register for P3 7 pin 


P3 6 


Synchronous clock 


P3 6 


Set the directional 
register for P3 4 pin 




in input mode. 








in input mode. 






P3 5 


Serial data 


P3 4 























Fig. 1 1 Example of serial I/O connection 



Serial I/O mode register (SM) 
(00F6 16 address) 

Synchronous clock selection bit 
oo : \ 

^ . | External clock 

10 Timer 3 overflow signal divided by 2 

11 '• Timing <f> divided by 4 

Serial I/O port selection bit (P3 5 , P3 6 ) 

0 : Normal I/O port 

1 : Serial I/O port 

Srdy signal output selection bit (P3 7 ) 

0 : Normal I/O port 

1 : Sr D y signal output pin 
T/P3 3 selection bit 

0 : Normal I/O port 

1 : T 

Xcin. X CO ut/P3o. P3i selection bit 

0 : Normal I/O port 

1 • X C in. X CO ut 
Unsystem clock operation bit 

0 : HALT 
1 : Operation 
INT, input level 



Note We say the unsystem clock, which is not chosen as the system clock of X| N -X 0 ut or X C | N -X CO ut 



Fig. 12 Structure of serial I/O mode register 
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LCD CONTROLLER/DRIVER 

The M3741 0M3HXXXFP has internal LCD controllers and 
drivers. A Block Diagram of LCD circuit is shown in Figure 
15. The terminals for LCD consist of 4 common-pin and 24 
segment-pirv. SEG 12 ~SEG 15 are in common with input P4. 
Also SEG 16 ~SEG 2 3 are in common with IN 0 ~IN 7 .These are 
selected by bit 3~7 of the LCD segment control register 
(00F4 16 address). Two biases (1/2 and1/3) can also be 
selected. When bit 2 of the LCD mode register is "1", 1/2 
bias is selected. When bit 2 is "0", 1/3 bias is selected. 
1/2,1/3, or 1/4 duty cycle can also be selected. When bits 
0 and 1 of the LCD mode register (LM 0> LMj is n, the duty 
ratio is 1/(n+1 ). 

Address 00C0 16 ~ 00CB 16 is the designated RAM for the 
LCD display. When 1s' are written to these addresses, the 
corresponding segments of the LCD display panel are 
turned on. A map of the LCD display RAM is shown in Fi- 
gure 13. 



The ON/OFF function for the LCD controller is controlled 

by bit 3 of the LCD mode register (LM 3 ). When this bit is 

"1" all the segments of the LCD are turned on. When this 

bit is "0" all the segments are turned off. 

The structure of the LCD mode register is shown in Figure 

14. 

When a 1/2 bias is used, V L1 and V L2 should be shorted 
together. An example circuit for each bias is shown in Fi- 
gure 16. Also Figure 17 shows an example of 1/2 bias, 1/4 
duty drive waveforms and resulting voltage differential be- 
tween SEG n and COM n and Figure 18 shows examples of 
drive waveforms for each bias and duty. 
The LCDCK timing frequency (LCD driver timing) is 
generated internally and the frame frequency can be deter- 
mined with the following equation: 

(frequency of timer 1 count source) 
((timer 1 setting+1 )X4) 



f(LCDCK) = 



f(LCDCK) 

Frame frequency= ; at 1/n duty 



Bit 

Address\^ 


7 


6 


5 


4 


3 


2 


1 


0 


CO 


1 


1 


1 


1 


0 


0 


0 


0 


C1 


3 


3 


3 


3 


2 


2 


2 


2 


C2 


5 


5 


5 


5 


4 


4 


4 


4 


C3 


7 


7 


7 


7 


6 


6 


6 


6 


C4 


9 


9 


9 


9 


8 


8 


8 


8 


C5 


11 


11 


11 


11 


10 


10 


19 


10 


C6 


13 


13 


13 


13 


12 


12 


12 


12 


C7 


15 


15 


15 


15 


14 


14 


14 


14 


C8 


17 


17 


17 


17 


16 


16 


16 


16 


C9 


19 


19 


19 


19 


18 


18 


18 


18 


CA 


21 


21 


21 


21 


20 


20 


20 


20 


CB 


23 


23 


23 


23 


22 


22 


22 


22 



oooooooo 
oooooooo 



* Number in data memory area indicates corresponding segment 



Fig. 13 Map of RAM for LCD segment 



LCD mode register (LM) 

(00F5 16 address) 

Duty ratio selection bit 
01 : 1/2 duty 

10 : 1/3 duty 

11 : 1/4 duty 

Bias selection bit 

0 : 1/3 bias 

1 : 1/2 bias 
LCD turn on bit 

0 : Off 

1 : On 

Xout/SYNC selection bit 

0 '■ Xqut 

1 : SYNC 

System clock 4> selection bit 

00 : X, N /16 

01 : x IN /4 

10 : X CIN /2(back to X, N /16) 

11 :X c , N /2(backtoX, N /4) 
External A-D start enable bit 

0 : Inhibit 

1 ' Enable 



Fig. 14 Structure of LCD mode register 
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Segment 



Segment 



00C0 16 address 




00C6 16 address 


00C7 16 address 


00C8 16 address 


00C9 16 address 




00CB 16 address 


bit 

0 1 2 34567 


bit 

0 1 2 3 4 567 


bit 

0 1 2 3 4 5 6 7 


bit 

0 1 2 3 4 5 6 7 


bit 

0 12 3 4 5 67 


bit 

01 234 5 6 7 



Segment 



Segment 
Driver 



Segment 



Segment 
Driver 



Segment 



Segment • Segment 
Driver J Driver 



Segment 



Driver j Driver 



7"\ 



P4 
Input 
Buffer 



r 



| Timing Controller f *s-LCDCK 



1/2, 1/3 

Bias 
Controller 



A-D 
conversion 



Com- Com- Com- Corn- 
Driver Driver Driver Driver 



0 6 OOOOOOOO O .0 

SEG 0 SEG, SEG 10 SEGn SEG 12 SEG 13 SEG 14 SEG 15 SEG 16 SEG 17 SEG 22 SEG 23 

/P4 3 /P4 2 /P4 1 /P4 0 /IN 7 /IN 6 /IN, /IN 0 



6666 66 66 

V SS V L i V l2 V l3 COMq COM, COM 2 COM3 
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1 /3 bias 



1/2 bias 





R 5 



Ri — R2 — R3 



R4— R5 



Fig. 16 Example of circuit at 1/3 bias, 1/2 bias 



1 frame 



LCDCK timing of 
internal logic 



Pin output level 
COM 0 



Er 



Voltage level 

v L3 (=v UCD ) 
• v L2 =v L1 

' GND 



COM! 



COM 2 



EEi 



EE 



-'-EEs 
„EE 



Voltage diffrential 

(SEGn)-(COMo) 




On 



Off 



(SEG n )-(COM 2 ) 



EEr 



Fig. 17 Example of 1/2 bias, 1/4 duty waveforms and resulting voltage differential between SEG n and COM n . 



3-119 



MITSUBISHI MICROCOMPUTERS 

M37410M3HXXXFP.M37410M4HXXXFP 

M37410M6HXXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



. Bias 



Duty x 



Display pattern 



1/2 bias 



1/3 bias 



LCD 
RAM 



LCDCK timing - 
of internal logic 



LCDCK timing- 
of internal logic 



IE c o w 




COM 0 
COMt 
COM 2 
COM 3 

SEG n 




* On On 



On On 



Off Off ' 



128(32 segmentsX4 commons) 
(16 digits max. in the above panel) 



Off Off 



Ji|&| 
Si* I 




COMq 



COMt 



SEGn 



COM3 ! No connection 



96(32 segmentsX3 commons) 
(10 digits max in the above panel) 



SEG, 



On On ' 

C Off > 






COM 2l COM3 : No connection 



64(32 segmentsX2 commons) 
(8 digits max in the above panel) 




Fig. 18 Example of drive waveforms for each bias and duty 
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A-D CONVERTER 

The A-D converter circuit is sjiown in Figure 20. The analog 
input ports of the A-D converter ( IN 0 — IN 7 ) are in common 
with the segment output ports. 

The segment control register is located at address 00F4 16 . 
One of the eight analog inputs is selected by bits 0, 1 and 
2 of this register. The IN pins, not to use as analog input, 
uses as LCD segment output. 

Bit 0, 1 and 2, and corresponding to analog input pin is 
shown in Figure 19. A-D conversion is accomplished by first 
selecting bit 0 and 1 of the A-D control register (address 
00F2 16 ) for the source of V REF . And also the analog input 
pin is chosen by the analog input select bit of the segment 
control register. A-D conversion starts by writing a dummy 
data to the A-D register (address 00EF 16 ) or changing the 
input level from SIG pin "H" to "L". When A-D conversion is 
finished, an interrupt is generated. After A-D interrupt is 
accepted, the result of A-D conversion can be read from 
the A-D register. 

Note that the A-D conversion must be started to convert, af- 
ter the reference voltage reaches stable level. 



Segment control register 

(00F4 16 address) 



Analog input selection bit 

000 : INq 100 : IN 4 

001 : INi 101 : IN 5 

010 : in 2 ho:in 6 
011 • in 3 111 : IN 7 
■ SEG 23 ~SEG 2 o/IN 0 ~IN 3 selection bit 

0 : IN 0 ~IN 3 

1 '. SEG 23 ~SEG 2 o 

- SEG 19 , SEG 18 /IN 4l IN 5 selection bit 

0 : IN 4 , IN 6 

1 : SEG 19 , SEG 18 

- SEGi 7 , SEG 16 /IN 6l IN 7 selection bit 

0 : IN 6( IN 7 

1 : SEG 17l SEG 16 

- SEG 13 , SEG 12 /P4 2 , P4 3 selection bit 

0 : P4 2 , P4 3 

1 : SEG 13 , SEG 12 

- SEG 15l SEG 14 /P4 0 , P4t selection bit 

0 : P4 0 , P4 1 

1 : SEG 15 , SEG 14 



Fig. 19 Structure of segment control register 



INoO 

IN1O 
IN 2 0 

IN3O 
IN 4 (> 
IN 5 (> 



INeO 

1N7O — 4_ 



Data bus 



Segment control register 
(00F4 16 address) 



7^ 



Comparator 



A-D control 
circuit 




Successive 
approximation 

register 
(A-D Register) 



(00EF 16 address) 



Switch tree 



Ladder resistor 



- A-D interrupt request bit 



A-D control register 
(00F2 16 address) 
Vref m Put selection 

0 : Off 

1 : On 



V R ef source selection bit 

0 V REF pm 

1 :Vnn 



Vcc 



Fig. 20 A-D converter circuit 
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KEY ON WAKE UP 

"Key on wake up" is one way of returning from a power 
down state caused by the STP or WIT instruction. 
When the key on wake up option of port P2 is designated 
and key on wake up interrupt enable bit (IC 4 ) is set to "1", 
if the key on wake up option pin of port P2 has "L" level 
applied, key on wake up interrupt is generated and the 
microcomputer is returned to the normal operating state. 
When the bit 4 of PWM control register (address 00F3 16 ) is 
set to "1", the pulse shown in Figure 21 is outputed from 
P5 3 pin. 



As shown in Figure 22, if the key matrix of active "L" to in- 
put port P2 is constructed, the microcomputer is returned to 
normal operating state by the key push. Refer to the sec- 
tion of interrupt how to use the key on wake up function. In 
order to enter the power down state generated by the STP 
or WIT instruction at the interrupt disable flag (l) is "0" and 
IC 4 is "1", the input designated as key on wake up by op- 
tion in port P2 must be all "H". 



Timer 1 and Timer 2 count 



P5 3 /SIG pin 



t t 

Key on wake up input Stand-by release 



Fig. 21 Output from the SIG pin at wake up from the stop state 
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Key on wake up register 
(00EE 16 address) 



P2 7 



P2i 



Port P2 7 

directional register 



(Note)[l 



Option 



Port P2i 

directional register 



(Note) 



Option 



Port P2 0 

directional register 



(Note) 



Option 



Interrupt control register 



Port P2 data 



Port PX X 

"L" level output 



Note Pull-up transistor (mask option) 



Fig. 22 Block diagram of port P2, and example of wired at used key on wake up 
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RESET CIRCUIT 

The M37410M3HXXXFP is reset according to the sequence 
shown in Figure 25. It starts the program from the address 
formed by using the content of address 3FFF 16 as the high 
order address and the content of the address 3FFE 16 as the 
low order address, when the RESET pin is held at "L" level 
for no less than 16 us while the power voltage is between 
4 and 5.5V and the crystal oscillator oscillation is stable and 



then returned to "H" level. 

The internal initializations following reset are as shown in 
Figure 23 regardless of the status before reset (including 
stop mode or wait mode). 

An example of the reset circuit is shown in Figure 24. 
When the power on reset is used, the RESET pin must be 
input "H" after the oscillation of X| N -X OU t becomes stable. 



(1) Port PO directional register (DO) 

(2) Port P1 directional register (D1) 

(3) Port P2 directional register (D2) 

(4) Port P3 directional register (D3) 

(5) Port P5 directional register (D5) 

(6) Interrupt request distinguish (IF1) 
register 1 

(7) Interrupt request distinguish (IF2) 
register 2 

(8) PWM control register (WC) 

(9) Segment control register (SC) 

(10) LCD mode register (LM) 

(11) Serial I/O mode register (SM) 

(12) Timer 4, 5, 6 mode register (CM) 

(13) Interrupt control register (IM) 

(14) Timer control register (TC) 

(15) A-D control register (AC) 

(16) Processor status register 

(17) Program counter 



Address 

(E1i 6 ) 

(E3 16 ) 

(E5 16 ) 

(E9 16 ) 

(ED 16 ) 

(EB 16 ) 

(F0 16 ) 

(F3 16 ) 

(F4 16 ) 

(F5 16 ) 

(F6 16 ) 

(F8 16 ) 

(FE 16 ) 

(FF 16 ) 

(F2 16 ) 

(PC H ) 
(PC L ) 



| 0 | 0 | 0 | 0 | o [ o~]~oT 



"(T[ojojojo[ 



0 0 0 0 0 0 0 



Note Since the contents of both registers other than those listed 
above (including timers and the serial I/O register) and the 
RAM are undefined at reset, it is necessary to set initial 
values 




Fig. 24 Example of reset circuit 



Fig. 23 Internal state of microcomputer at reset 
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RESET 



Internal RESET 



SYNC 



Address 
Data 



32~48 clock cycles 




Reset address from 
the vector table 



Note 1 : Frequency relation of f(X, N ) and <f>\s f(X| N ) =16-0 
2 : The mark " ? " means that the address is change- 
able depending upon the previous state. 



Fig. 25 Timing diagram at reset 
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I/O PORTS 

(1) PortPO 

Port PO is an 8-bit I/O port with CMOS outputs and 
pull-up transistor options available. As shown in Figure 
1, PO can be accessed as memory through zero page 
address 00E0 16 - Port PO's directional register allows 
each bit to be programmed individually as input or out- 
put. The directional register (zero page address 
00E1 16 ) can be programmed as input with "0", or as 
output with "1". When in the output mode, the data to 
be output is latched to the port register and output. 
When data is read from the output port, the output pin 
level is not read, only the latched data of the port reg- 
ister is read. Therefore, a previously output value can 
be read correctly even though the output voltage level 
has been shifted up or down. Port pins set as input are 
in the high impedance state so the signal level can be 
read. When data is written into the input port, the data 
is latched only to the output register and the pin still 
remains in the high impedance state. This port can be 
built in a pull-up resistor option when it is used as a in- 
put port. 

(2) PortPI 

Port P1 has the same function as PO but the output 
structure is N-ch open drain. This port can be built in a 
pull-up resistor option when it is used as a input port. 

(3) Port P2 

Port P2 has the same function as PO. The output struc- 
ture is CMOS output. Following the execution of STP or 
WIT instruction, key matrix with port P2 can be used to 
generate the interrupt to bring the microcomputer back 
in its normal state. The pin to be used as the key on 
wake up must be with key on wake up option and its 
value in directional register must be "0". When P2 is 
used as a output port, pull-up option is inhibited. 

(4) Port P3 

Port P3 has the same functions PO except that part of 
P3 is common with the serial I/O, output of timer4, 
clock oscillation of timer clock and interrupt input. 
The output is N-channel open drain. This port can be 
built in a pull-up resistor option. When P3 0 and P3^ pins 
are used for X C in input, pull-up is inhibited. 

(5) Port P4 

Port P4 is an 4-bit input port which can be used as a 
segment output port. At reset, this port is pull-up to V L3 . 
Just after the reset, this port becomes high-impedance 
state. When port P4 is used as a segment output port, 
the pull-up option to these pins are inhibits. 

(6) Port P5 

Port P5 has the same functions as PO except that part 
of P5 is common with the counter input pin, SIG pin, 
and PWM output pin. The output is N-channel open 
drain output. This port can be built in a pull-up resistor 
option. 



(7) Segment output( SEG 0 ~SEGn ) 

These ports drive and control the LCD segments. At 
reset, these output the level of V L3 . 

(8) Analog input(lN 0 ~IN 7 ) 

This is a port for an analog input of A-D converter. This 
can be used as the segment output. At reset, it is pull- 
up to V L3 . Just after the reset, this becomes high- 
impedance state. 

(9) Common output(COM 0 ~COM 3 ) 

These port provides output drive and control for the 
LCD common lines. At reset, this outputs the level of 
V L3 - 

(10) Power Supply for LCD(V U ~V L3 ) 
Supplies power to the LCD terminals. 

(11) INT! 

The INTi pin is an interrupt input pin. The INTi inter- 
rupt request bit (bit 7 of address 00FE 16 ) is set to "1" 
when the input level of this pin changes from "H" to "L" 
(or "L" to "H"). This input level is read in the bit 7 of 
serial I/O mode register (addresss 00F6 16 ). 

(12) INT 2 (P3 2 /INT 2 ) 

The INT 2 pin is an interrupt input pin common with P3 2 . 
When P3 2 's directional register is set for input ("0") , 
this pin can be used as an interrupt input. The INT 2 in- 
terrupt request bit (bit 3 of address 00EB 16 ) is auto- 
matically set to "1" when the input .level of this pin 
changes from "H" to "L" (or from "L" to "H"). 

(13) INT 3 (P5 0 /INT 3 ) 

The INT 3 pin is an interrupt input pin common with P5 0 . 
The other functions are the same as INT 2 . 
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Port PO 



Port P1 



I Directional Register I 



- | Port Latch | - 



Vcc V, 
V ss 



3>J 



3 




1 



Tr1 (mask option) 

— o 

Port PO 
CMOS output 



Tr1 is pull-up transistor at input (mask option) 



Data bus- 



-iDirectlional Register I 





1 



T 

"1 1* 1 Tr2(mask option) 

\ 

— o 



4- 



Port P1 

N-ch open drain 



Tr2 is pull-up transistor at input (mask option) 



Vcc V cc 

^ -9- 



-4- 



DirectionalRegister 1 



Port Latch 



mask option 



3 



Tr3 

n o 



Port P2 
CMOS output 



Interrupt control circuit - 
Tr3 is pull-up transistor (mask option) 



Port P3-|, P5 0 ~P5 3 



Data bus- 



Directional Register 



Port Latch 



4- <£f^ 



Internal circuit 



Tr4 is pull-up transistor (mask option) 



Tr4 

mask option 



-o 



Port P3i , P5 0 ~P5 3 
N-ch open dram 



Fig. 26 Block diagram of ports P0~P2, P3! and P5 0 ~ P5 3 
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Port P3 0 , P3 2 ~P3 7l 
P5 4 ~P5 7 



Data bus - 



Directional 
register 



Port latch 



V C c 

V ss 6 mask °P tion 



O 



Port P3 0 , P3 2 ~P3 7l 
P5 4 ~P5 7 



Internal circuit - 

Tr5 is pull-up transistor (mask option) 



Port P4(SEG 15 ~SEG 12 ) 



RESET 



Timing circuit 



Tr6 



V L 3 



-1 



mask option 



o 



Port P4(SEG 15 ~SEG 12 ) 

SC6 (SEG 12) SEG 13 ), 
SC7 (SEG 14 , SEG 15 ) 



Tr6 is only conducted at RESET="L" 
Tr7 is pull -up transistor (mask option) 



Fig. 27 Block diagram of Port P3 0 , P3 2 ~P3 7 , P4, P5 4 ~P5 7 



Analog input IN (SEG 23 ~SEGi 6 ) 



V L 3 



RESET 1 Timing circuF| | g Tr8 



A-D converter circuit • 



ill 



-Q Analog input IN 
(SEG 23 ~SEG 16 ) 



Tr8 is only couducted at RESET="L" 



INT 1 



Data bus - 



Interrupt control circuit - 



-<j] o 

^ I MX 



INTt 



RESET 



^ ^ 



RESET 



Fig. 28 Block diagram of analog input port IN, INT^ RESET 
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CLOCK GENERATING CIRCUIT 

The M3741 0M3HXXXFP has two internal clock generators. 
Figure 31 shows a block diagram of the clock generator. 
Normally, the frequency applied to the clock input pin X )N 
divided by four is used as the internal clock (timing output) 
<f>. Serial I/O mode register bit 5 can be used to switch the 
internal clock <t>\o 1/2 the frequency applied to the clock 
input pin X C in- In this case, the pull-up option to these pins 
are inhibited. 

These signals can also be changed via bit5 (LM 5 ) and bit6 
(LM 6 ) of the LCD mode register. When LM 6 and LM 5 are 
[00], the internal clock is chosen X )N /16. When they are 
[01] , the internal clock is chosen X )N /4. When they are 
[10] and [11] , the internal clock is X C i N /2. The one of 
clock X| N and clock X C in. isn't in use for the internal clock 
(none system clock), stops when the bit6 (SM 6 ) of serial I/ 

0 mode register is "0". In order to restart the clock as the 
internal clock, SM 6 is set to "1" and wait until the oscillation 
becomes stability by the software then the internal clock is 
chosen LM 6 and LM 5 . 

Figure 29 shows a circuit exmple using a ceramic (or 
crystal) oscillator. Use the manufacturer's recommended 
values for constants such as capacitance which is unique 
for each oscillator, when using an external clock signal, in- 
put from the X, N (X C in) pin and leave the X OU t(X C out) pin 
open. A circuit example is shown in Figure 30. 
The M3741 0M3HXXXFP has two low power consumption 
modes, stop and wait. The microcomputer enters a stop 
mode when the STP instruction is executed. The oscillator 
(both X| N clock and X C in clock) stops with the internal 
clock 0held at "H" level. In this case timer 1 and timer 2 
are forcibly connected and <f>/4 is selected as timer 1 input. 
When restarting oscillation, set the suitable value for timer 

1 and timer 2 in order to enable the oscillator to stabilize. 
Before executing the STP instruction, the timer 1 count stop 
bit must be set to supply ("0"), timer 2 interrupt enable bit 
(IF1 4 ) of interrupt request distinguish register 1 must be 
set to enable ("1"), timer 2 interrupt request bit (IF1 5 ) of 
interrupt request distinguish register must be set to disable 
("0"). And serial I/O or timer 2 interrupt enable bit (TM 6 ) 
and serial I/O or timer 2 interrupt request bit (TM 7 ) of tim- 
er control register must be set to disable (" 0 "). 
Oscillation is restarted (reset stop mode) when INT 1f INT 2 , 
or INT3 interrupt is received. The interrupt enable bit of the 
interrupt used to reset the stop mode must be set to "1". 
When restarting oscillation with an interrupt, the internal 
clock 0 is held "H" until timer 2 overflows and is not sup- 
plied to the CPU. When oscillation is restarted by reset, "L" 
level must be applied to the RESET pin until the oscillation 
stabilizes because no wait time is generated. 

The microcomputer enters a wait mode when WIT instruc- 
tion is executed. The internal clock </> stops at "H" level, but 
the oscillator does not stop. 0 is re-supplied (wait mode 
reset) when the processor is reset or when it receives an 



interrupt. Instructions can be executed immediately be- 
cause the oscillator is not stopped. The interrupt enable bit 
of the interrupt used to reset the wait mode must be set to 
"1" before executing the WIT instruction. 
When the interrupt is accepted and after the interrupt sub- 
routine is executed, the next instruction to STP or WIT is 
executed. It is possible to cancel stop and wait mode by 
reset. In this case, the execution is started from the 
address is set to reset vector. 

Transition of states for the system clock is shown in Figure 
32. The change order of the internal clock is shown in Fi- 
gure 32. 

When STP instruction is executed from the states of A, B, 
C, D and E, it will be the same state as H (stop state). If 
the interrupt is executed in stop state, it will return the state 
before STP instruction is executed. 



M3741 0M3HXXXFP 

X|N XoUT X C | N X C OUT 



Re 




Fig. 29 External ceramic resonator circuit 



M3741 0M3HXXXFP 

X|N XquT XciN XcoUT 



28 f 29 23f 24 
External Open External Open 
oscillating oscillating 
circuit circuit or 

external pulses 

vl° suuuu Vo 



Fig. 30 External clock input circuit 
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IF2 7 



Timer! 



Internal system 
clock source 
selection LM 5 , LM & 



Timer 1 
count source 
selection TM 2 



Tizer2 




Timing 4> 
(Internal Clock) 



S Q 




Q S 


R 




R 



Reset 



— STP instruction 




INTt interrupt enable 
INT, interrupt request 

Serial I/O or timer2 interrupt enable 
Serial I/O or timer2 interrupt request 

INT 3 or key on wake up interrupt enable 
INT3 or key on wake up interrupt request 

WnIT 2 or timer3 interrupt enable 
INT 2 or timer3 interrupt request 

Timer6 or A-D interrupt enable 
Timer6 or A-D interrupt request 



Fig. 31 Block diagram of clock generating circuit 



J 
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Reset 




8MHz oscillation 


instruction 


32kHz oscillation 




<t> stop 




Timers, 




LCD action 


Interrupt 




SM 6 ="0"— " 1 


G 


WIT 


Clock mode 


instruction 

«£ 


32kHz oscillation 




<f> stop 




Timer, LCD 




action 





0=1 6kHz 



instruction 


8MHz stop 






32kHz stop 




<j> stop 


Interrupt 





SM 6 = 



H 



Low-speed 

mode 
8MHz stop 

32kHz oscillation 
0=1 6kHz 



Interrupt 



8MHz stop 
32kHz stop 
</> stop 



The case of example clock X, N =8MHz, clock X C | N =32kHz 

Note : At the end of STP instruction, wait time occurs automatically by connection of timers 1 and 2 and changing system clock This time is set by program 
When SM 6 =1 and unsystem clock is operated, wait time necessary by program until oscillation becomes stable 
Return to the normal mode once in case changed to the low-speed-mode from the normal mode 
Also return to the high-speed mode once in case changed to the low-speed mode from the high-speed mode 



Fig. 32 Transition of states for the system clock 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer is 1/(n-M). 

(2) The count value of timers 1 , 2, 3, 4 can be read at an 
arbitrary timing when the timing <f> divided by 4 or timer 
overflow is input to these timers. If X C in or CNT! input 
is input to these timers, the value of timer 1, 2, 3, 4 
must be read only when the input of timers is not 
changing or the timer count is stopped. 

Also the count value of timers 5, 6 which are used in 
the event counter mode must be read when the exter- 
nal input is at the "L" level. When timers 5, 6 are used 
in the timer mode, the count value of these timers can- 
not be read. 

(3) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program) , those insructions are only valid for the 
contents before the modification. Also, at least one in- 
sturction cycle must be used (such as a NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(4) © After the ADC and SBC instructions are executed (in 

decimal mode) , one instruction cycle (such as a 
NOP) is needed before the SEC, CLC, or CLD in- 
structions are executed. 
© In decimal mode, the negative (N), overflow (V) and 
zero (Z) flags are invalidated. 

(5) A NOP instruction must be used after the exection of a 
PLP instruction. 

(6) © The timer 1 and timer 2 must be set the necessary 

value immediately before the execution of a STP in- 
struction. 

Also the following conditions must be satisfied: 

• Timer 1 count stop bit is set to "0" 

• Timer 2 interrupt enable bit is set to "1" 

• Timer 2 interrupt request bit is set to "0" 

• Serial I/O or timer 2 interrupt enable bit is set to "0" 

• Serial I/O or timer 2 interrupt request bit is set to "0" 
® To restart oscillation when it is stopped by STP in- 
struction or unsystem clock operation bit, wait for a 
specified time which is needed for the oscillator to 
stabilize. 

(7) Some instructions can be used to write contents of the 
interrupt request distinguish register 1 , 2. If the SEB or 
CLB instruction or a set of instruction that acts as the 
SEB or CLB instruction (for instance, LDA TC+SEB 7, A 
+STA TC) is used, an interrupt request which is input 
during execution of these instructions may be cleared. 
Therefore, these instructions should be used only when 
there is no problem even if such an interrupt request is 
cleared. Usually, the LDM instruction or STA instruction 
is used. Especially to write contents of the interrupt re- 
quest distinguish register 1, 2, use the flow chart as 
shown in Figure 33. 



Q Interrupt 




Clear IF2 2 



Register pop 




Fig. 33 Flow to write interrupt request distinguish 
registers 

(8) When LCD trun-on bit (bit 3 of address 00F5 16 ) of the 
LCD mode register is "1", don't stop the timers or count 
source for timers. 

(9) After switching the serial I/O transfer clock, initialize 
the serial I/O counter (write to address 00F7 16 ). 

(10) To use an external clock as the serial I/O transfer 
clock, initialize the serial I/O counter when the external 
clock is "H" level. 

(11) To use the P3 0 and P3^ pins as the I/O pins of the 
clock for clock function, do not use the pull-up resistors 
by option. 

(12) If using A-D converter, supply power to the V REF pin 
(set bits 1 and 2 of address 00F2 16 ), and make sure 
that the voltage of the V REF pin has stabilized before 
activating the A-D conversion. 
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DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1 ) mask ROM confirmation form 

(2) mark specification form 

(3) ROM data EPROM 3sets 

Write the following option on the mask ROM confirmation 
form 

• Port PO pull-up transistor bit 

• Port P1 pull-up transistor bit 

• Port P2 pull-up transistor bit 

• Port P3 pull-up transistor bit 

• Port P4 pull-up transistor bit 

• Port P5 pull-up transistor bit 

• Port P2 key on wake up 



A 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 3— 7 


V 


V, 


Supply voltage for LCD V u ~Vl 3 


V L 1<V L2 <V L3 


-0. 3-V cc +0. 3 


V 


V, 


Input voltage P0 0 ~P0 7 , P2 0 ~P2 7> P3 0 , P3 1f 
P4 0 ~P4 3 , IN 0 ~IN 7 , V REF> Xin 




-0. 3~Vcc+0. 3 


V 


Vi 


Input voltage CNV S s 




-0. 3— 7 


V 




Input voltage INT 1f RESET, P1 0 ~P1 7 . 




-0. 3—10 




v, 


P3 2 ~P3 7 , P5 0 ~P5 7 (Note 1) 




V 


Vo 


Output voltage P0 0 ~P0 7 , P2 0 ~P2 7 , P3 0 , P3i, 

COM 0 ~COM 3 , SEG 0 ~SEG 2 3, X 0U t 




-0. 3— V cc +0. 3 


V 


Vo 


Output voltage P1 0 ~P17> P3 2 ~P3 7 , P5 0 ~P5 7 




-0. 3—10 


V 


Pd 


Power dissipation 


T a = 25°C 


300 


mW 


Topr 


Operating temperature 




-20-75 


°C 


Tstg 


Storage temperature 




-40—125 


°C 



Note 1 '. When these ports are built in a pull-up resistor option, the value is —0. 3~V C c+0- 3V 



RECOMMENDED OPERATING CONDITIONS Vcc - 2. 5—5. 5V, Vss = 0 V, T a =— 20~75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage (Note 1 ) 


f(X| N )= 8 MHz High-speed mode' 


4.5 




5.5 


V 


f(XiN) = 8 MHz Normal mode or 

f(X, K )= 2 MHz High-speed mode (Note 2 ) 


2.5 




5.5 


V S s 


Supply voltage 






0 




V 


V,H 


"H" input voltage P0 0 ~P0 7 , P3 0 , P3i, P4 0 ~P4 3 , 
X| N , CNV ss (Note3) 




0. 7V CC 




Vcc 


V 


V, H 


"H" input voltage P2 0 ~P2 7 




0. 8V CC 




Vcc 


V 


V, H 


"H" input voltage P1 0 ~P17, P5^P5 7l S !N 




0. 7V CC 




10 


V 


V IH 


"H" input voltage P3 2 ~P3 7 , P5 0 , INT^ INT 2 , INT 3 , 
CNTl CNT 2 , sig, clk 




0. 8V CC 




10 


V 


V IH 


"H" input voltage RESET, X C in 




0. 85V CC 




10 


V 


V,L 


"L" input voltage P0 0 ~P0 7 , P1 0 ~P17, P3 0 , P3^, 
P4 0 ~P4 3 , P^-PS?, S| N 




0 




0. 25V CC 


V 


V,L 


"L" input voltage P2 0 ~P2 7 , P3 2 ~P3 7 , P5 0 , INTi, 

INT 2 , INT 3 , CNTl CNT 2 , SIG, CLK 




0 




0. 2V CC 


V 


v IL 


"L" input voltage RESET, X !N , X C in 




0 




0.15V CC 


V 


'oh 


"H" output current P0 0 ~P0 7 , P2 0 ~P2 7 , X OU t ( Note 4 ) 








-1 


mA 


IoL 


"L" output current P0 0 ~P0 7 , P2 0 ~P2 7 , P3 0 ~P3 7 

P5 0 ~P5 7 , Xout, PWM0-PWM3, 
T, Sout, CLK, JW SIG (Note 5 ) 








1 


mA 


loL 


"L" output current P1 0 ~P1 7 (Note6) 


V CC =3V 






10 


mA 


V CC =5V 






20 


f(x IN ) 


Clock oscillating frequency 




0. 2 




8.2 


MHz 


f(x clN ) 


Clock oscillating frequency for clock function 




30 




50 


kHz 



Note 1 '. When only maintaining the RAM data, minimum value of V C c is 2 V 

2 : We say the high-speed mode, when the system clock is chosen X| N /4, and the low-speed mode, when the system clock is chosen X !N /16. 

3 : When P3! is used as X C | N , V, H and V )L of P3, is 0.85V C c^V, H ^V C c and 0^V, U ^0 15V CC 

4 : The total I 0 h( peak) of port P0, P2 and X OU t is less than 35mA 

5 : The total l 0 H(peak) of port P0, P2, P3 and P5 is less than 32mA 

6 I The total peak current of l 0 i_ of port P1 is less than 80mA and the average current of total I D l of port P1 is less than 40mA 
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ELECTRICAL CHARACTERICS (Vss= 0 V, T a =-20~75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V 0 H 


"H" output voltage P0 0 ~P0 7 , P2 0 ~P2 7 


V CC =5V, l 0H = -0.5mA 


4 






V 


V C c=3V, l 0H = -0.3mA 


2.4 






Vqh 


"H" output voltage Xout 


V CC =5V, I O h=-0. 3mA 


4 






V 


V CC =3V, l OH =-0.1mA 


2.4 






Vol 


"L" output voltage P0 0 ~P0 7 , P2 0 ~P2 7 , P3 0 ~P3 7l 
P5 0 ~P5 7 , T, Sout, CLK, 
SW, SIG, PWM0-PWM3 


V C c=5V, l 0L =1mA 






1 


V 


V cc =3v, Iol=0. 5mA 






0.6 


Vol 


"L" output voltage P1<)~P1 7 


V CC =5V, l OL =20mA 






2 


V 


V CC =3V, l OL =10mA 






1.5 


Vol 


"L" output voltage X 0 ut 


V C c=5V, l O L=0. 3mA 






1 


V 


V CC =3V, l OL =0.1mA 






0.6 


V t +-V t _ 


Hysteresis INT-i, INT 2 , INT 3 , CLK, CNT^ 
CNT 2 , SIG, S, N , P2 0 ~P2 7 ,Xc,N 


V CC =5V 




0.2 




V 


V CC =3V 




0.2 




V T+ Vy— 






V CC =5V 




2 






Hysteresis RESET 


V CC =3V 




1.0 




V T +— V T _ 


Hysteresis X| N 


V CC =5V 




0.5 






V CC =3V 




0. 35 




'iL 


"L" input current |P0 0 ~P0 7 , P1 0 ~P17. P2 0 ~P2 7 , P3o~P3 7 , 

P4 0 ~P4 3 , P5 0 ~P5 7 | without pull-up T r , (Notel), 
IN 0 ~IN 7 , INTi, RESET, X, N 


V CC =5V V,=0V 






— 5 


m a 


V CC =3V V,=0V 






-3 


I.H 


"H" input current P0 0 ~P0 7 , P2 0 ~P2 7 , P3 0 , P^, 

P4 0 ~P4 7 , IN 0 ~IN 7l X, N> X C in, CNVss 


V CC =5V V,=5V 






5 




V CC =3V V,=3V 






3 


l,H 


"H" input current {P1o~P17> P3 0 ~P3 7 , P5 0 ~P5 7 ) without pull-up T r , 
INTl INT 2 , INT3, CNTl 
CNT 2l SIG, RESET, S, N , CLK 


V,= 10V 






10 


juA 


■*PL 


Pull-up T r , P0 0 ~P0 7 , P1 0 ~P17> P2 0 ^P2 7 , 
P3 0 ~P3 7 , P4 0 ~P4 3> P5 0 ~P5 7 


V CC =5V, V,=0V 


7 


15 


30 


kf2 


V CC =3V, V,=0V 


10 


30 


60 


Rcom 


Output impedance COM 0 ~COM3 


Vli==V cc /3 

V L2 =2V L1 , 

Vl3 V C c 

Other COM, SEG 

pins are opened 


V CC =5V 




200 




n 


V CC =3V 




500 




Rs 


Output impedance SEG 0 ~SEG23 


V CC =5V 




2 




kO 


V CC =3V 




3 




'cc 


Supply current 


at operation 


f(X, N )=8MHz High-speed mode V CC =5V 




6 


12 


mA 


f(X, N )=8MHz Normal mode V CC =3V 






8 


f(Xci N )=32kHz, V CC =3V 




18 


36 


M A 


at wait mode 


f(X, N )=8MHz Normal mode V CC =3V 




1 




mA 


f(X C i N )=32kHz, V CC =3V 




4 


12 


juA 


at stop mode 


T a =25°C 




0.1 


0.6 


Vram 


RAM retention voltage 




2 




5.5 


V 



Note 1 : Also the same when each port is used as INT 2 , INT 3 , CNT^ CNT 2 , SIG, S, N and X C i N . respectively 
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A-D CONVERTER CHARACTERISTICS (V CC =5V, v ss =AVss= 0 V, T a =25°C, f(X IN )= 8 MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 




Resolution 








8 


bits 




Non-linearity error 


Vcc— Vref— 5. 12V 






±2 


LSB 


\/ \ / O IY70W 

Vcc— Vref— 3. v/ZV 






±2 





Differential non-linearity 

« 


Vcc = Vref=5. 12V 






±0. 9 


LSB 


Vcc— Vref— 3. U/^V 






iO. 9 


V 0 T 


Zero transition error 


\i — \/ — c low 

Vcc Vref 3- '^v 






2 


LSB 


Vcc=Vr EF =3. 072V 






2 


V FST 


Full-scale transition error 


V CC =V REF =5.12V 






6 


LSB 


Vcc=V RE f=3.072V 






10 


T C 


Conversion time 


V C c == 2.5~5. 5V High-speed mode 




200/f(X, N ) 




jus 


V C c=2. 5~5. 5V Normal mode 




800/f(X, N ) 




'ref 


Reference input current 


V REF =5V 




' 1.0 


2.5 


mA 


V RE f=3V 




0.5 


1.5 


1 IN 


Analog port input current 


Vin=0~V cc 




1 


10 


juA 


V, N 


Analog input voltage 


V cc =2. 5-5. 5V 


AV SS 




Vcc 


V 


v REF 


Reference input voltage 




2.5 




Vcc 


V 
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DESCRIPTION 

The M37412M4-XXXFP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
72-pin plastic molded QFP. 

This single-chip microcomputer is useful for household ap- 
pliance and other consumer applications. 
In addition to its simple instruction set, the ROM, RAM, and 
I/O addresses are placed on the same memory map to en- 
able easy programming. 



FEATURES 



69 

8192 bytes 
• 1 60 bytes 



Number of basic instructions 

Memory size ROM 

RAM 

Instruction execution time 

2/us (minimum instruction, at 4MHz frequency) 

Single power supply 5V±10% 

Power dissipation 
normal operation mode (at 4MHz frequency) •••• 15mW 

Subroutine nesting 80 levels (Max.) 

Interrupt 7 types, 5 vectors 

8-bit timer 4 

Programmable I/O ports (Ports P0, P1, P2, P3, P4, P7) 

46 

8 

5 

1 

1 

1 

1 

1 



Input port (Port P5) • •■ 
Output port (Port P6)- 

Serial I/O (8-bit) 

8-bit A-D converter ••• 
5-bit D-A converter ••• 
8-bit PWM function - 
Watchdog timer 



PIN CONFIGURATION (TOP VIEW) 



. Q. a 



7I561155I541 



nttimtninn 




"P5i 
-P5 2 
-P5 3 

- P5 4 /ED 4 

- P5 5 /ED 5 

- P5 6 /ED 6 

- P5 7 /ED 7 
V SS 

* XouT 



- RESET 
CNV ss 

- INTt 
>P3 0 



I I H 1 t 11 I It 1 I H H 1 t 11 



=»<<<<<<<<D. Q.^ J OCO £| 5 q. 



co (o O! 

Q. 0. > 



Outline 72P6 



APPLICATION 

VCR, Tuner, Audio-visual equipment 
Office automation equipment 



A MITSUBISHI 
ELECTRIC 
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FUNCTIONS OF M37412M4-XXXFP 



Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


2/us (minimum instructions, at 4MHz frequency) 


Clock frequency 


4MHz 


Memory size 


ROM 


8192bytes 


RAM 


160bytes 


Input/Output ports 


\HT\ 


Input 


1-bitX1 


PO, P1, P2, P3, P4 


I/O 


8-bitX5 (a part of P3 is common with serial I/O, timer I/O, and interrupt input) 


P5 


Input 


8-bitX1 


P6 


Output 


5-bitX1 (a part of P6 is common with external trigger output pin) 


P7 


I/O 


6-bitX1 


Serial I/O 


8-bitX1 


Timers 


8-bit prescalerX3+8-bit timerX4 


A-D conversion 


8-bitX1 (8 channels) 


D-A conversion 


5-bitX1 


Pulse width modulator 


8-bitX1 


Watchdog timer 


15-bitXl 


Subroutine nesting 


80 levels (max) 


Interrupts 


Two external interrupts, Three internal timer interrupts 


Clock generating circuit 


Built-in (ceramic or quartz crystal oscillator) 


Supply voltage 


5V±10% 


Power dissipation 


15mW (at 4MHz frequency) 


Input/Output characteristics 


Input/Output voltage 


12V (Ports PO, PI, P3, P4, P5, P6, P7, INT^) 


Output current 


5mA (Ports PO, P1, P2, P3, P4, P7) 


Memory expansion 


Possible 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate process 


Package 


72-pin plastic molded QFP 



3-139 



MITSUBISHI MICROCOMPUTERS 

M37412M4-XXXFP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc. 
V ss 


Supply voltage 




Power supply inputs 5V±10% to V C c> and OV to V S s 


CNVss 


CNVss 




This is usually connected to Vss- 


RESET 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2^s (under normal Vcc 
conditions). If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time 


X|N 


Clock input 


Input 


This chip has an internal clock generating circuit To control the generation frequency, an external ceramic 
or a quartz crystal oscillator is connected between the X| N and X 0 ut pms If an external clock is used, the 
clock source should be connected to the X| N pm and the Xout pm should be left open 


XoUT 


Clock output 


Output 


<t> 


Timing output 


Output 


This is the timing output pin 


INTi 


Interrupt input 


Input 


This is the highest order interrupt input pm 


AVss 


Voltage input for A-D 
and A-D 




This is GND input pin for the A-D and D-A converters 


Vref 


Reference voltage 
input 


Input 


This is reference voltage input pin for the A-D and D-A converters 


D-A 


D-A output 


Output 


This is output pin from the D-A converter 


PWM 


PWM output 


Output 


This is output pin from the pulse width modulator 
The output structure is N-channel open drain 


P0 0 ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional register allowing each I/O bit to be individually programmed as 
input or output At reset, this port is set to input mode 
The output structure is N-channel open drain 


P1o~P1r 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO 
The output structure is N-channel open drain 


P2 0 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO, but the output structure is 
CMOS output 


P3 0 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO When serial I/O is used, P3 7 , 

P3 6 , P3 5 , and P3 4 work as S RD y, CLK, S 0 ut> and S !N pins, respectively. 

Also P3 3 and P3 2 work as CNTR pin and the lowest interrupt input pin (INT 2 ) , respectively. 


P4 0 ~P4 7 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port and has basically the same functions as port PO. P4 7 ~P4 0 work as analog input 
port AN7~ANo The output structure is N-channel open dram 


P5 0 ~P5 7 


Input port P5 


Input 


Port P5 is an 8-bit input port P5 4 ~P5 7 can be used as the edge sense inputs 


P6 0 ~P6 4 


Output port P6 


Output 


Port P6 is a 5-bit output port At external trigger output mode, P6 0 and P61 are in common with the trigger 
input pin (T) and the trigger output pin (Q), respectively 
The output structure is N-channel open drain 


P7 0 ~P7 5 


I/O port P7 


I/O 


Port P7 is a 6-bit I/O port and has basically the same functions as port PO The output structure is N- 
channel open drain 
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FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 

The M37412 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 

Timer Control Register 

The timer control register is allocated to address 00FF 16 . 
Bits 0 and 1 of this register are processor mode bits. This 
register also has a stack page selection bit. 



7 0 

I I I I I I I T | Timer control register (address 00FF 16 ) 

I — I — Processor mode bit 

00 : Single-chip mode 

01 I Memory expanding mode 

10 I Microprocessor mode 

11 I Eva-chip mode 

' — ' Timer X mode bit 

00 .' Timer mode 

01 n : Pulse output mode 

10 '. Event counter mode 

1 1 : Pulse width measurement mode 

' Stack page bit 

0 '. 0 page 

1 : 1 page 

Timer X count stop bit 

0 '. Count start 

1 : Count stop 

' Timer X interrupt enable bit 

0 : Interrupt disable 

1 : Interrupt enable 

Timer X interrupt request bit 

0 : No interrupt request 

1 I With interrupt request 



Fig. 1 Structure of timer control register 
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MEMORY 

• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 

• RAM 

RAM is used for data storage as well as a stack area. 

• ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 



• Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 

• Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

• Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 



RAM 
(160 bytes) 



0000 ie 



009F 1( 



00E0 ie 
00FF 1e 



Not used 



SFR area 



ROM 
(8192 bytes) 



EOOd 



FF00 1( 



FFF4 16 



FFFF 1( 



Not used 



Interrupt vector area 



Zero page 



Special 
page 

for 
subroutine 
call 



Flg.2 Memory map 
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00E0-I6 


Port PO 


uurui6 


D-A conversion register 




00E116 


Fort FH rtirfaptionsil rorii^tfir 


00F1 16 


Pulse width modulation register 




00E2 16 


Port P1 


00F2i6 


Successive approximation register 




OOF*?-. 


Port Fi Hirootional rooictor 
run r 1 un couuiiai itsyioici 


uuroi6 


A-D control register 




00E4 16 


Port P2 


nnF4 „ 
uur*»i6 


Watchdog timer 






Port P9 Hirootional ran ictor 


00F5i6 


Serial I/O mode register 




OOFfi../, 


Port P7 


OOF616 


Serial I/O register 




finF7 » 


Port P7 directional register 


uur/ 16 


Timer 3 prescaler 




OOE816 


Port P3 


fin fa „ 


Timer 3 




00E9 16 


Port P*3 Hirootional rooictor 
run rg UllGOllUI Idl Icyiolcl 


nr»FQ « 
uur»i6 


Timer 1, 2 prescaler 




00EA 16 


Port P4 


nnFA.„ 
uurr\i6 


Timer 1 




00EB 16 


Port P4 directional register 


00FB 16 


Timer 2 




00EC 16 


Port P5 


00FCi 6 


Timer X prescaler 




00ED 16 


Port P5 latch 


00FDi 6 


Timer X 




00EE 16 


Port P6 


00FE 16 


Interrupt control register 




00EF 16 


Special function selection register 


00FF 16 


Timer control register 













Fig. 3 SFR (Special Function Register) memory map 
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INTERRUPT 

The M37412M4-XXXFP can be interrupted from seven 
sources; INT^ timer X, timer 1, timer 2/serial I/O, or INT 2 / 
BRK instruction. 

However, the INT 2 pin is used with port P3 2 and the corres- 
ponding directional register bit should be set to "0" when 
P3 2 is used as an interrupt input pin. 
the value of bit 2 of the serial I/O mode register (address 
00F5 16 ) determine whether the interrupt is from timer 2 or 
from serial I/O. When bit 2 is "0" the interrupt is from timer 
2, and when bit 2 is "1" the interrupt is from serial I/O. Also, 
when the bit 2 is "1", parts of port P3 are used for serial I/ 
O. These interrupts are vectored and their priorities are 
shown in Table 1. Reset is included in this table since it 
has the same functions as the interrupts. 



Table 1. Interrupt vector address and priority 



Interrupt 


Priority 


Vector address 


RESET 


1 


FFFF 16> FFFE 16 


INT! 


2 


FFFD 16 , FFFC 16 


Timer X 


3 


FFFB 16) FFFA 16 


Timer 1 


4 


FFF9 16) FFF8 16 


Timer 2 or serial I/O 


5 


FFF7 16> FFF6 16 


INfi (BRK) 


6 


FFF5 16 , FFF4 16 



When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, the interrupt dis- 
able flag I is set, the program jumps to the address speci- 
fied by the interrupt vector, and the interrupt request bit is 
cleared automatically. The reset interrupt is the highest 
priority interrupt and can never be inhibited. Except for the 
reset interrupt, all interrupt are inhibited when the interrupt 
disable flag I is set to "1". All of the other interrupts can 
further be controlled individually via the interrupt control 
register shown in Figure 4. An interrupt is accepted when 
the interrupt enable bit and the interrupt request bit are 
both "1" and the interrupt disable flag is "0". 
The interrupt request bits are set when the following condi- 
tions occur: 

(1 ) When the IN^ or INT 2 pins go from "H" to "L" 

(2) When the contents of timer X, timer 1, timer 2 (or the 
serial I/O counter) go to "0" 

These request bits can be reset by the program but can not 
be set by the program. However, the interrupt enable bit 
can be set and reset by the program. 
Since the BRK instruction and the INT 2 interrupt have the 
same vectored address, the contents of the B flag must be 
checked to determine if the BRK instruction caused the in- 
terrupt or if INT 2 generated the interrupt. 



Interrupt 
request 



rd= 
rd= 



I — Interrupt disable flag I 



Interrupt control register (Address 00FE 16 ) 

Bit 7 : INT, pin interrupt request bit 

Bit 6 : INT, pin interrupt enable bit 

Bit 5 : Timer 1 interrupt request bit 

Bit 4 : Timer 1 interrupt enable bit 

Bit 3 : Timer 2 interrupt or serial I/O interrupt request bit 

Bit 2 : Time r 2 interrupt or serial I/O interrupt enable bit 

Bit 1 : INT 2 pin interrupt request bit 

Bit 0 : INT 2 pin interrupt enable bit 













I 







Timer control register (Address 00FF 16 ) 



Bit 7 : 
Bit 6 : 
Bit 5 : 
Bit 4 : 
Bit 3 : 
Bit 2 : 
Bit l : 
BitO : 



Timer X interrupt request bit 
Timer X interrupt enable bit 
Timer X count stop bit 
Stack page bit 

} Timer X mode bit 
Processor mode bit 



Fig. 4 Interrupt control 
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TIMER 

The M37412M4-XXXFP has three timers; timer X, timer 1, 
timer 2 and timer 3. Since P3 (in serial I/O mode) and tim- 
er 2 use some of the same architecture, they cannot be 
used at the same time (see serial I/O section). Timer X 
has four modes which can be selected by bit 2 and 3 of the 
timer control register. When the timer X count stop bit (bit 
5) is set to "1", the timer X will stop regardless of which 
mode it is in. A block diagram of timer X, timer 1, timer 2 
and timer 3 is shown in Figure 5. 

The P3 3 /CNTR pin cannot be used as CNTR when P3 3 is 
being used in the normal I/O mode. 

Timer 1 and timer 2 share with a prescaler. This prescaler 
has an 8-bit programmable latch used as a frequency di- 
vider. The division ratio is defined as 1/(n+1), where n is 
the decimal contents of the prescaler latch. All four timers 
are down-count timers which are reloaded from the timer 
latch following the zero cycle of the timer (i.e. the cycle af- 
ter the timer counts to zero). 

The timer interrupt request bit is set to "1" during the next 
clock pulse after the timer reaches zero. The interrupt and 
timer control registers are located at addresses 00FE 16 and 
00FF 16) respectively (see Interrupt section). The prescaler 
latch and timer latch can be loaded with any number. 
The four modes of timer X as follows: 

(1 ) Timer mode [00] 

In this mode the clock is driven by the oscillator fre- 
quency divided by 16. When the timer down-counts to 
zero, the timer interrupt request bit is set to "1" and 
the contents of the timer's latch is reloaded into the 
timer and the counting begins again. 

(2) Pulse output mode [01] 

In this mode, the polarity of the CNTR signal is re- 
versed each time the timer down-counts to zero. 

(3) Event counter mode (10] 

This mode operates in the same manner as the timer 
mode except, the clock source is input to the CNTR 
pin. This mode will allow an interrupt to be generated 
whenever a specified number of external events have 
been generated. The timer down-counts every rising 
edge of the clock source. 



(4) Pulse width measurement mode [11] 

This mode measures the pulse width (between lows) 
input to the CNTR pin. The timer, driven by the oscilla- 
tor frequency divided by 16, continues counting during 
the low cycle of the CNTR pin. When the timer con- 
tents reaches "0",the interrupt request bit is set to "1", 
the timer's reload latch is reloaded and the counting 
resumes. 

The structure of the timer control register is shown in 
Figure 6. 

When the STP instruction is executed, or after reset, 
the prescaler and timer latch are set to FF 16 and 01 16 , 
respectively. Also, when the STP instruction is ex- 
ecuted, the oscillator's frequency (divided by 16) will 
become the counting source, regardless of the timer X 
mode setting. This state will be released when the tim- 
er X interrupt request bit is set to "1", or after a reset. 
Timer X will then enter the mode specified by its mode 
bits. For more details on the STP instruction, refer to 
the oscillation circuit section. 

The function of timer 3 is as same as that of timer 1 
and timer 2, with the exception that the detection of its 
overflow is known by the overflow bit (bit 3 of address 
00EF 16 ). When the timer down-counts to zero, the over- 
flow bit is set to "1" and the contents of the timer's 
latch is reloaded into the timer. 
The reset of the overflow bit is made by; 

a) hard ware reset 

b) write "0" to overflow bit 

c) write instruction to timer 3 

The structure of special function selection register is 
shown in Figure 7. 
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Data b|us 



Oscillator Divider 

|f(x, N )| — 



1/16 



P3 3 /CNTR 

o— 



P3 6 /CLK 

o 



Timer mode 



Pulse width measurement 
mode 



When STP instructions are 
executed, this circuit is 
connected 
coercively 



Prescaler latch (8) 



Event counter mode 




Timer X latch (8) 



Pulse- output mode 



Prescaler (8)| 1 Timer X (8) 

FF 16 f 01l6 l ^ "" J 



Timer X count stop bit 
(Bit 5 at address 00FF 16 ) 



Reset, or 
STP 






Toggle flip-flop 


instruction 







• to timer X interrupt request bit 



Data bus 



IPrescaler latch (8) 



-1 



Timer 3 latch (8) 



Prescaler (8) 



Timer 3 (8) 









OF 



Timer 3 overflow bit 
(Bit 3 at address 00EF 16 ) 



IPrescaler latch (8) 



ITimerl latch (8) 



Timer 2 latch (8)1 



Prescaler (8) 



Timer 1 (8) 



to timer 1 
. interrupt 
request ( 
bit 



Timer 2 (8) 




1/2 



- Transfer clock 



Serial I/O counter (3) 




Serial J/O mode register (Address 00F5 16 ) 



to timer 2 or 
serial I/O 
interrupt 
request bit 



Fig. 5 Block diagram of timer X, timer 1 , timer 2, and timer 3 
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T"""| Timer control register (Address 00FF 16 ) 



Processor mode bit 

00 : Single-chip mode 

01 : Memory expanding mode 

10 ". Microprocessor mode 

1 1 : Eva-chip mode 

Timer X mode bit 

00 : Timer mode 

01 : Pulse output mode 

10 : Event counter mode 

1 1 : Pulse width measurement mode 
Stack page bit 

0 : 0 page 

1 : 1 page 

Timer X count stop bit 

0 : Count start 

1 '. Count stop 

Timer X interrupt enable bit 

0 : Interrupt disable 

1 : Interrupt enable 

Timer X interrupt request bit 

0 I No interrupt request 

1 ". With interrupt request 



Special function selection register 
(Address 00EF t6 ) 



Timing output control bit 

0 : Timing $ output 

1 : "L" level output 



- External trigger mode selection bit (P6 0l P6J 

0 : Normal output port 

1 .' External trigger I/O port 

■ Timer 3 overflow bit 
1 : Timer 3 overflow 



■ Polarity of edge sence input selection bit 

0 : Detected by falling-edge 

1 '. Detected by raising-edge 



Fig.7 Structure of special function selection register 



Fig. 6 Structure of timer control register 
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SERIAL I/O 

A block diagram of the serial I/O is shown in Figure 8. 
In the serial I/O mode the receive ready signal (S RDY ), syn- 
chronous input /output clock (CLK), and the serial I/O pins 
(Sout, S| N ) are used as P3 7> P3 6) P3 5 , and P3 4 , respectively. 
The serial I/O mode register (address 00F5 16 ) is a 5-bit 
register. Bits 1 and 0 of this register is used to select a 
synchronous clock source. 

When these bits are [00] or [01] , an external clock from 
P3 6 is selected. When these bits are [10], the overflow sig- 
nal from timer 2, divided by two, becomes the synchronous 
clock. Therefore, changing the timer period will change the 



transfer speed. When the bits are [11) , the oscillator fre- 
quency divided by 16, becomes the clock. 
Bit 2 to 4 decide whether parts of P3 will be used as a se- 
rial I/O or not. When bit 3 is "0" and bit 2 is "1", P3 6 be- 
comes an I/O pin of the synchronous clock. When an inter- 
nal synchronous clock is selected, the clock is output from 
P3 6 . If an external ^synchronous clock is selected, the clock 
is input to P3 6 and P3 5 will be a serial output and P3 4 will 
be a serial input. To use P3 4 as a serial input, set the direc- 
tional register bit which corresponds to P3 4 to "0". For more 
information on the directional register, refer to the I/O pin 
section. 



Oscillator Divider 



X, N Of(X IN ) ~ 1/16 



P3 7 0 



P3 6 0 



P3 5 0 



Squt 



P3 4 0 



Q 



i. 



from timer 1, 2 
prescaler 

Divider 



Timer2 (8) 



(Address 00FB 




1/2 



Serial I/O counter 




Transfer clock 



MSB Serial I/O register (8) LSB 
(Address O0F6 1 6 ) """ 
Data bus 



l) 



5 



to timer 2 or 
serial I/O interrupt 
request bit 



Serial I/O mode register (Address 00F5 16 ) 



External clock 



Synchronous clock selection bit 

00 :| 

01 :| 

10 : Timer 2 overflow signal divided by 2 

11 : Oscillation frequency divided by 16 

Serial I/O port selection bit (P3 5 , P3 6 ) 

00 : Normal I/O port 

01 : Serial I/O port 

10 : 

11 : 

Srdy signal output selection bit (P3 7 ) 

0 : Normal I/O port 

1 '• S RDY signal output pin 



Not used 



Fig. 8 Block diagram of serial I/O 
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To use the serial I/O, bit 3 and bit 2 need to be set to "01", 
if they are "00" P3 6 will function as a normal I/O. Interrupts 
will be generated from the serial I/O counter instead of 
timer 2. Bit 4 determines if P3 7 is used as an output pin for 
the receive data ready signal (bit 4=1, S RDY ) or used as 
normal I/O pin (bit 4=0). The serial I/O function is discus- 
sed below. The function of the serial I/O differs depending 
on the clock source; external clock or internal clock. 
Internal clock— The 

Srdy signal becomes "H" during trans- 
mission or while dummy data is stored in the serial I/O reg- 
ister (address 00F7 16 ) . After the falling edge of the write 
signal, the S RDY signal becomes low signaling that the 
M3741 2M4-XXXFP is ready to receive the external serial 
data. The S RDY signal goes "H" at the next falling edge of 
the transfer clock. The serial I/O counter is set to 7 when 
data is stored in the serial I/O register. At each falling 



edge of the transfer clock, serial data is output to P3 5 . Dur- 
ing the rising edge of this clock, data can be input from P3 4 
and the data in the serial I/O register will be shifted 1 bit. 
Data is output starting with the LSB. After the transfer clock 
has counted 8 times, the serial I/O register will be empty 
and the transfer clock will remain at a high level. At this 
time the interrpt request bit will be set. 
External clock— If an external clock is used, the interrupt 
request will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 
Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
500kHz at a duty cycle of 50% . The timing diagram is 
shown in Figure 9. An example of communication between 
two M3741 2M4-XXXFPs is shown in Figure 10. 



SynConousCocK "LJlJ~LJlJ~LJ1_riJTTlJ^ 

I 

UTJ^jn_JTjn_JiJij 



Transfer clock 



Serial I/O register 
write signal 

Serial I/O output 
Sout 

Serial I/O input 



Receivable signal 
Srdy 



Jl 













X °o X D, X D *l 




D 7 










ZXZXZXT)(ZX^(ZXDC 





1_J 



Interrupt request bit set 



Fig. 9 Serial I/O timing 



Sending side 



Receiving side 



Serial I/O mode register 
bit 4 bitO 



0 


0 


1 


1 


0 



Set the directional 
register for P3 7 pin 
in input mode 



P3 5 



Synchronous clock 



Serial I/O mode register 



P3 7 



bit 4 



bitO 



1 0 1 



Set the directional 
register for P3 4 pin 
in input mode 



P3 4 



Fig. 10 Example of serial I/O connection 
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A-D CONVERTER 

An 8-bit successive approximation method of A-D conver- 
sion is employed providing a precision of ±3LSB. A block 
diagram of the A-D convertor is shown in Figure 11. Con- 
version is automatic once it is started with the program. 
The six analog inputs are used in common with pins P4 7 ~ 
P4 0 of port 4. Bits 2, 1 and 0 of the A-D control register 
(address 00F3 16 ) are used to select which pins are used 
for A-D conversion. The input condition is accomplished by 
setting to "0" the bit in the directional register that corres- 
ponds to the pin where A-D conversion is to take place. Bit 
4 of the A-D control register is the A-D conversion end bit. 
During A-D conversion, this bit is "0", and upon completion 
becomes "1". Thus, it can be ascertained whether or not A- 
D conversion has been completed or not by inspecting this 
bit. The relation between the contents of the A-D control 
register and the selection of input pins are shown in Figure 
12. 

The results of the conversion can be found be reading the 
contents of the successive approximation register address 
00F2 16 which stores the results of the conversion. The proc- 
edure for executing A-D conversion is next explained. First- 
ly, the pin that is to be used for the A-D conversion is 
selected by setting bit 1 and bit 0 of the A-D control regis- 
ter. Next, the successive approximation is written to upon 
which the A-D conversion starts. Since actual data is not 
written to the successive approximation, any type of may be 



written. Simultaneous with its being written, the A-D con- 
version end bit (bit 4 of address 00F3 16 ) is cleared to "0" 
signifying that A-D conversion operations are being con- 
ducted. A-D conversion completes after 198 clock cycles 
upon which the A-D conversion end bit is set to "1" and the 
results of the conversion can be found in the successive 
approximation register. Since the comparator consists of 
the capacitive coupled configuration, f (X iN ) is needed lar- 
ger than 1MHz during A-D conversion. 



A-D control register (Address 00F3 16 ) 



- Analog input selection bit 

0 0 0 : P4 0 /AN 0 
0 0 1: P4 1 /AN 1 
0 10: P4 2 /AN 2 
0 11: P4 3 /AN 3 
10 0: P4 4 /AN 4 
10 1: P4 5 /AN 5 
110: P4 6 /AN 6 
111: P4 7 /AN 7 

- A-D conversion end bit 

0 : A-D conversion in progress 

1 : A-D conversion completed 



Fig. 12 Structure of A-D control register 
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_L±. 



Resistance ladder 



Vref 



Comparator and 
control circuit 



Successive approximation register 
(Address 00F2 16 ) 



.S2: 



A-D 
control register 



Data bus 



77" (Address 00F3 16 ) 



Fig. 11 Block diagram of A-D converter 
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D-A CONVERTER 

The R-2R method is used for D-A conversion. The block di- 
agram is shown in Figure 13 An analog voltage is output 
that corresponds to the contents of the D-A conversion reg- 
ister (address 00F0 16 ) . Ideally, the relation of the analog 



output voltage V and the contents (n) of the D-A conversion 
register is V=V REF X n/32(n=0~31 ). 
Reset operation clears the content n of the D-A conversion 
register to 0 16 . 





R-2R ladder 


=»0 D-A 










X 


X 


X 












D-A conversion register (Address 00F0 16 



Data bus 



Fig. 13 Block diagram of D-A converter 

PULSE WIDTH MODULATOR period of 4080 X m/255 (m=0~255). Figure 14 shows that 

The pulse width modulation register (address 00F1 16 ) is relationship. An N-channel open drain output is used for the 

configured of an 8-bit counter. The period of repetition is PWM pin. 

4080 clock cycles. With the content of the pulse width mod- Reset sets the content m of the pulse width modulation 

ulation register m, the PWM pin becomes high-level for the register to00 16 . 



0 12 3 



-One period of 4080 clock cycles- 



253 254 0 1 2 3 4 



f(X IN )/16 
m= 0 "U 



(uuuiMJiiuui fuifuuinfuifuui 



n. 



ri 



m= 2 



m= 3 



m=254 



m=255 "H" 



.J~L 



Fig. 14 Relation between m and PWM output 
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WATCHDOG TIMER 

The watchdog timer provides the means to return to a reset 
condition when a program runs wild and the program will 
not run the normal loops. 

The watchdog timer (address 00F4 16 ) is a 15-bit counter. 
The watchdog timer counts 1/1 6th the output frequency of 
the oscillator. The watchdog timer is set to 7FFF 16 when a 
reset is accomplished a write operation has been made to 
it. As well as any of the instructions that generate a write 
signal, such as STA, LDM, and CLB, can be used to write 
data to the watchdog timer. An output of the most signifi- 
cant bits of the watchdog timer is input to the reset circuit. 
When 262144 clock cycles have been counted, the most 
significant bit becomes "0" and reset is carried out. When 
reset is carried out, the watchdog timer is set to7FFF 16 and 
reset is released. The program then begins again from re- 
set vector address. Normally, the program is written so that 
a writing operation is made to the watchdog timer prior to 
the most significant bit's becoming "0" . Application of a 
+ 10V to the RESET pin will disable the watchdog timer 
function. 

Since execution of the STP instruction causes both the 
clock and the watchdog timer to stop, an option is offered 
where the STP instruciotn can be disabled. 



RESET CIRCUIT 

The M37412M4-XXXFP is reset according to the sequence 
shown in Figure 15. It starts the program from the address 
formed by using the content of address FFFF 16 as the high 
order address and the content of the address FFFF 16 as the 
low order address, when the RESET pin is held at "L" level 
for more than 2jus while the power voltage is in the recom- 
mended operating condition and the crystal oscillator 
oscillation is stable and then returned to "H" level. The in- 
ternal initializations following reset are shown in Figure 16. 
An example of the reset circuit is shown in Figure 17. 
When the power on reset is used, the RESET pin must be 
held "L" until the oscillation of X (N -X OUT becomes stable. 



f(x, N ) 



_MiL___ .Jiuifiuir 



RESET 

SYNC 
Address 

Data 




8~12 clock cycles 



Reset address from the 
vector table 



Note 1 : Frequency relation of f(X, N ) and ^ is f(X, N ) =4'<t> 

2 : The mark " ? " means that the address is changeable 
depending on the previous state 



Fig. 15 Timing diagram at reset 
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(1 ) Port PO directional register 

(2) Port P1 directional register 

(3) Port P2 directional register 

(4) Port P7 directional register 

(5) Port P3 directional register 

(6) Port P4 directional register 

(7) PortP6 

(8) Special function selection 
register 

(9) D-A conversion register 

Pulse width modulation 
register 

(11) Watchdog timer 

(12) Serial I/O mode register 

(13) Prescaler X 

(14) Timer X 

(15) Interrupt control register 

(16) Timer control register 

(17) Interrupt disable flag on 
processor status register 

(18) Program counter 



Address 

E 1 16 

E 3 16 
E5 16 
E6 16 
E 9 16 
EB 16 
EE 16 
EF 16 
F 0 16 

F 1 16 

F 4 16 
F 5 i 6 
FC 16 
FD 16 
FE 16 
F F 16 
P S 
PC H 

pc l 



0 0 16 



0 0, 



0 0 16 







0 


0 


0 


0 


0 


0 


0 0 16 


o 0 16 








1 


11 


1 


1 


0 


X 


X 


X 


0 


0 


0 


X 


0 


0 


0 


0 


0 


o o 16 



7 F F F 16 









0 


0 


0 


0 


0 



F F 16 



0 1 16 



0 0 16 



0 0 16 



Contents of address 
FFFF 16 



Contents of address 
FFFE 16 



M37412M4-XXXFP 



RESET 



67 



M37412M4-XXXFP 



RESET 



OV • 



0V- 



-4. 5V 



"0.6V 




Supply voltage 
detection circuit 



Fig. 17 Example of reset circuit 



Fig. 16 Internal state of microcomputer at reset 



I/O PORTS 

(1) PortPO 

Port PO is an 8-bit I/O port with N-channel open drain 
output. 

As shown in the memory map (Figure 2), port PO can 
be accessed at zero page memory address 00E0 16 . 
Port PO has a directional register (address 00E1 16 ) 
which can be used to program each individual bit as 
input ("0") or as output ("1"). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 



though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 
Depending on the contents of the processor status reg- 
ister (bit 0 and bit 1 at address 00FF 16 ), four different 
modes can be selected; single-chip mode, memory ex- 
panding mode, microprocessor mode and eva-chip 
mode. These modes (excluding single-chip mode) 
have a multiplexed address output function in addition 
to the I/O function. For more details, see the processor 
mode information. 
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(2) PortPI 

In the single-chip mode, port P1 has the same function 
as PO, but it has CMOS output. In the other modes, 
P1's functions are slightly different from PO's. For more 
details, see the processor mode information. 

(3) Port P2 

In the single-chip mode, port P2 has the same function 
as PO. In the other modes, P2's functions are slightly 
different from PO's. 

For more details, see the processor mode information. 

(4) PortP3 

In the single-chip mode, port P3 has the same function 
as PO. In the other modes, P3's functions are slightly 
different from PO's. Port P3 can also be used as serial 
I/O, INT 2 and I/O pins for timer X. For more details, 
see the processor mode information. 

(5) PortP4 

Port P4 has the same function as port PO in the single- 
chip mode. But P4 7 through P4 2 can also be used as 
analog input pins AN 7 through AN 2 . 

(6) PortP5 

Port P5 is an input port. P5 4 through P5 7 can also be 
used as edge sence inputs. In such a case, reading is 
begun from 00ED 16 . 00ED 16 is provided with a latch 
which is set to "V when the input changes from high- 
level to low-level. 

And for P5 7 , polarity of input edge can be selected by 
polarity of edge sense input selection bit (bit 7 of 
address 00EF 16 ). 

When this bit is set to "0", its latch is set to "1" at the 
input level goes to "L" from "H". When this bit is set to 
"1", its latch is set to "1" at the input level goes to "H" 
from "L". At the reset state, this bit is set to "0". 
When content of polarity of edge sense input selection 
bit was set by program, the latch (bit 7 of address 
00ED 16 ) must be reset once. 

The input pulse width must be at least 7 clock cycles 
wide. The latch is reset by using such instructions as 
LDM and CLB to write a "0" to the latch. When 00ED 16 
is read, the lower order 4 bits are always zero. 
When port P5 is used as level sense input, read the 
contents of the address 00EC 16 . 

(7) Port P6 

Port P6 is a 5-bit output port. It has N-channel open 
drain output. P6 0 and P6i can be used ^as external trig- 
ger I/O pins, when external trigger mode selection bit 
(bit 2 of address 00EF 16 ~) is set to "1". In this case, P6 0 
and P6 t are trigger clock input pin and trigger output 
pin, respectively. Using external trigger mode, P6 0 's 
latch must be set to "1" in order to off the output tran- 
sistor. In external trigger mode, the content of P6 t 's 
latch is output to pin when the rising or falling edge is 
input to P6 0 pin. 

When external trigger mode selection bit is set to "0", 



P6 0 and P6^ are normal output ports. At the reset state, 
this bit is set to "0". 

(8) PortP7 

Port P7 is a 6-bit I/O port. In this single-chip mode, 
port P7 has the same functions as port P0. 
The functions of this port do not change even though 
the processor mode may change. 

(9) Clock $ output pin 

In normal conditions, the oscillator frequency divided 
by four is output as <t>. The timing output <f> is fixed "L" 
state when the timing output control bit (bit 1 of 
address 00EF 16 ) is set to "1". But in this case, except 
the timing output is active. The timing output <f> is output 
again when the timing output control bit is set to "0". At 
reset state this bit is set to "0". 

(10) INT^pin 

The INTi pin is an interrupt input pin. The IN^ inter- 
rupt request bit (bit 7 at address 00FE 16 ) is set to "1" 
when the input level of this pin changes from "H" to 
"L". 

(ID l^pin(P3 2 /INT2"pin) 

The INT 2 pin is an interrupt input pin used with P3 2 . To 
use this pin as an interrupt pin, set the corresponding 
bit in the directional register to input ("0"). When this 
signal level changes from "H" to "L", the interrupt re- 
quest bit (bit 1 at address 00FE 16 ) is set to "1". 

(12) CNTR pin (P3 3 /CNTR pin) 

The P3 3 /CNTR pin is an I/O pin of timer X. To use this 
pin as the timer X input pin, set the corresponding 
directional register bit to input ("0"). In the event coun- 
ter mode, CNTR becomes the input pin of the external 
pulse. In the pulse output mode, the CNTR output 
changes polarity each time the contents of timer X 
goes to "0". In the pulse width measurement mode, the 
pulse to be measured is input to this pin. 
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Port PO, P1, P2, P3, P4, P7 



Directional 
register 



N-channel open drain output 



Ports PO, P1, P3, P4, P7 



Ports P2 



Port P5 



PWM 



Port P6 



Note 1 : Port P3 can be also used as I/O pin of serial I/O, timer I/O, and interrupt input 
Pbrt P4 can be also used as analog input 



Directional 
register 



Port latch 



Data bus - 



•0- CMOS output 



-O 

Port P2 



Input 



-o 



Port P5 



N-channel open drain output 



|r-T" 



1 



-o 



N-channel open drain output 

o 



Port P6 



n 



CMOS output 



Fig. 18 Block diagram of ports PO— P7 (single-chip mode) , and output format of <t>. 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 0 
and 1 at address 00FF 16 ) , four different operation modes 
can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip) mode. In the memory expanding mode, microp- 
rocessor mode and eva-chip mode, ports P0~P3 can be 
used as multiplexed I/O for address, data and control sig- 
nals, as well as the normal functions of the I/O ports. 
Figure 20 shows the functions of ports P0~P3. 
The memory map for the single-chip mode is illustrated in 
Figure 2 and for other modes, in Figure 19. 
By connecting CNV SS to V ss , all four modes can be 
selected through software by changing the processor mode 
bits. Connecting CNV SS to V cc automatically forces the 
microcomputer into microprocessor mode. Supplying 10V to 
CNVss places the microcomputer in the eva-chip mode. 
The four different modes are explained as follows - 



FFFF 16 



E000 16 



0100 16 
00E6 1f 



00A0 16 



Internal ROM 








^>\\ 








Timers, Port P3 








\\\V\ 




Ports P0~P2 













Internal RAM 









Memory expanding Eva-chip 
mode mode 



Microprocessor 
mode 



The shaded area is external memory area 



Fig. 19 External memory area in processor mode 



(1 ) Single-chip mode [00] 

The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNV SS is con- 
nected to V ss - Ports P0~P3 will work as original I/O 
ports. 

(2) Memory expanding mode [01] 

The microcomputer will be placed in the memory ex- 
panding mode when CNV SS is connected to V ss and 
the processor mode bits are set to "01". This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 

In this mode, port P0 and port P1 are as a system 
address bus and the original I/O pin function is lost. P2 
becomes the data bus (D 7 ~D 0 ) and loses its normal I/ 
O functions. Pins P3t and P3 0 output the SYNC and R/ 
W control signals, respectively. 

(3) Microprocessor mode [10] 

After connecting CNV S s to V C c and initiating a reset, 
the microcomputer will automatically default to this 
mode. With the exceptions that the internal ROM is 
disabled and that external memory must be attached in 
this mode, this mode is the same as the memory ex- 
panding mode. 

(4) Eva-chip mode [11] 

When 10V is supplied to CNV SS pin, the microcomputer 
is forced into the eva-chip mode. The main purpose of 
this mode is to evaluate ROM programs prior to mask- 
ing them into the microcomputer's internal ROM. 
In this mode, the internal ROM is inhibited so the ex- 
ternal memory is requierd. 

The lower 8 bits of address data for port P0 is output 
when 0 goes to "H" state. When <f> goes to the "L" 
state, P0 retains its original I/O functions. 
Port P1's higher 8 bits of address data are output when 
<t> goes to "H" state and as it changes back to the "L" 
state it retains its original I/O functions. Port P2 retains 
its original I/O functions while <f> is at the "H" state, and 
works as a data bus of D 7 ~D 0 (including instruction 
code) while at the "L" state. Pins P3 1 and P3 0 output 
the SYNC and R/W control signals, respectively while 
<j> is in the "H" state. When in the "L" state, PZ^ and P3 0 
retain their original I/O function. 

The R/W output is used to read/write from/to the out- 
side. When this pin is in the "H" state, the CPU reads 
data, and when in the "L" state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 
"H" state when it fetches the OP CODE. 
The relationship between the input level of CNV SS and 
the processor mode is shown in Table 2. 
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CM^ 


0 


1 


0 


1 


CM 0 


0 


1 


1 


0 


\Mode 
Port \ 


Single-chip mode 


Eva-chip mode 


Memory expanding mode 


Microprocessor 
mode 


Port PO 


J 1 1 

Ports PO7 — POo 


1 i 1 — 

*j 1 r 

Ports P0 7 ~P0 0 


d i r 

Ports P0 7 ~P0 0 


Same as 
left 


Y I/O port 




"V Address y~ 
A A 7 ~A 0 A 








Port P1 


j 1 r 

Ports P1 7 ~P1 0 


d 1 r 

Ports P1 7 ~P1 0 


d i r 

Ports P1 7 ~P1 0 


Same as 
left 


Y I/O port 




Y Address 

A A 15 ~A 8 A 








Port P2 


•j i r 

Ports P2 7 ~P2 0 


d i r 

Ports P2 7 ~P2 0 


a i r 

Ports P2 7 ~P2 0 


Same as 
left 


I/O port 


"VOutput Y Data V"" 
A Port A D7~DoA 


~\ /Data \ 
/ "\ D 7 ~D 0 /"- 








Port P3 


«j i r 

Ports P3 7 ~P3 0 


d i r 

Ports P3 7 ~P3 2 


j i r 

Ports P3 7 ~P3 2 


Same as 
left 


I/O port 


I/O port 


""^ I/O port 




Port P3, 

SYNC ^ I/O port 
Port P3 0 


Port P3! 

"X sync X" 

Port P3 0 

K ™ )C 



Fig. 20 Processor mode and functions of ports P0~P3 

Table 2. Relationship between CNV SS pin input level and processor mode 



CNVss 


Mode 


Explanation 


Vss 


• Single-chip mode 

? Memory expanding mode 

• Eva-chip mode 

• Microprocessor mode 


The single-chip mode is set by the reset 

All modes can be selected by changing the processor mode bit with the program 


Vcc 


• Eva-chip mode 

• Microprocessor mode 


The microprocessor mode is set by the reset 

Eva-chip mode can be also selected by changing the processor mode bit with the program. 


10V 


• Eva-chip mode 


Eva-chip mode only. 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
23. 

When the STP instruction is executed, the oscillation of in- 
ternal clock 0is stopped in the "H" state. 
Also, the prescaler X and timer X are loaded with FF 16 and 
01 16 , respectively. The oscillator (dividing by 16) is then 
connected to the prescaler input. This connection is 
.cleared when timer X overflows or the reset is in, as dis- 
cussed in the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the internal clock 0 keeps its "H" level until timer 
X overflows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 
When the WIT instruction is executed, the internal clock <f> 
stops in the "H" level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 21. 
The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock usage is shown in Figure 22. 
X| N is the input, and Xqut is open. 




Fig. 21 External ceramic resonator circuit 



M37412M4-XXXFP 




26 


27 




Open 



External oscillating circuit 



ruuir 



Fig. 22 External clock input circuit 



Interrupt 
request 

Interrupt 
disable flag I 




Reset 



STP instruction 
(option) 



S 0 



WIT 
instruction 



S 0 



0 



1/2 



0 S 



- STP instruction 
(option) 



Internal clocks 



1/2 






1/8 


^ y 







Timer X 



Timer X count stop bit 



6 6 



*IN AquT 



Fig.23 Block diagram of the clock generating circuit 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer and the prescaler is 
1/(n+1). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program) , those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(3) Reading the timer and prescaler must be avoided 
while the input to the prescaler is changing. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. 

(6) Since the comparator consists of the capacitive cou- 
pled configuration, f (X IN ) is needed larger than 1MHz 
during A-D conversion. And during A-D conversion, 
don't use STP or WIT instruction. 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 

(3) ROM data EPROM 3sets 

Write the following option on the mask ROM confirmation 
form 

• STP instruction option 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s 
Output transistors cut-off 


-0. 3— 7 


V 


V, 


Input voltage Xin 


—0. 3~ 7 


V 


V, 


Input voltage P2 0 ~P2 7 , P4 0 ~P4 7 


-0. 3-Vcc+O. 3 


V 


V, 


Input voltage P0 0 ~P0 7 , P1 0 ~P17, P3o~P3 7 , 
P5 0 ~P5 7l P6 0l P7 0 ~P7 5 , INT^ 


-0. 3-13 


V 


V, 


Input voltage CNV SS , RESET 


— 0. 3—13 


V 


V 0 


Output voltage P2 0 ~P2 7> P4 0 ~P4 7l X 0 ut. D-A 


-0. 3-V C c+0. 3 


V 


V 0 


Output voltage P0 0 ~P0 7 , P1 0 ~P17. P3 0 ~P3 7l 
P6 0 ~P6 3 , P7 0 ~P7 5( PWM 


—0.3—13 


V 


Pd 


Power dissipation 


T a =25°C 


300 


mW 


Topr 


Operating temperature 




-10-70 


°C 


Tstg 


Storage temperature 




-40—125 


°C 



RECOMMENDED OPERATING CONDITIONS (V cc =5V±10%,T a =-10-70 <, C I unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


V S s 


Supply voltage 




0 




V 


v REF 


Reference voltage 


4 




Vcc 


V 


V, H 


"H" input voltage P0 0 ~P0 7 , P1 0 ~P17. P2 0 ~P2 7) 
P3 0 ~P3 7 , P4 0 ~P4 7l P5 0 ~P5 7> 
INT 1( RESET, X, N , CNV SS , P6 0 , 
P7 0 ~P7 5 


0. 8V CC 




Vcc 


V 


V,l 


"L" input voltage P0 0 ~P0 7) P1 0 ~P17, P2 0 ~P2 7 , 
P3 0 ~P3 7 . P4 0 ~P4 7 , P5 0 ~P5 7> 
INtT, CNVss, P6 0 , P7 0 ~P7 5 


0 




0. 2V CC 


V 


V,L 


"L" input voltage RESET 


0 




0. 12 Vcc 


V 


V, L 


"L" input voltage Xin 


0 




0. 16V C c 


V 


loUpeak) 


"L" peak output current P0 0 ~P0 7 , P1 0 ~P17. 

P2 0 ~P2 7 , P3 0 ~P3 7 , 
P4 0 ~P4 7 , P7 0 ~P7 5 
(Note 2) 






10 


mA 


•oupeak) 


"L" peak output current P6 0 ~P6 3 (Note 2 ) 






15 


mA 


•oL(peak) 


"L" peak output current PWM (Note 2 ) 






5 


mA 


louavg) 


"L" average output current P0 0 ~P0 7 , P1o~P"l7. 

P2 0 ~P2 7 , P3 0 ~P3 7) 
P4 0 ~P4 7 , P7 0 ~P7 5 
(Notel ) 






5 


mA 


loL(avg) 


"L" average output current P6 0 ~P6 3 (Note 1 ) 






7 


mA 


'oL(avg) 


"L" average output current PWM (Note 1 ) 






2.5 


mA 


'oH(peak) 


"H" peak output current P2 0 ~P2 7 (Note 2 ) 






-10 


mA 


loH(avg) 


"H" average output current P2 0 ~P2 7 (Note 1 ) 






-5 


mA 


f(x 1N ) 


Internal clock oscillating frequency 






4 


MHz 



Note 1 Average output current louavg) ar, d 'oH(avg) are tne average value of a period of 100ms. ^ 

2 I Total of "L" output current l 0 i_. of ports P0, P1, P2, P3, P4, P6, P7 and PWM is 80mA max. 

Total of "H" output current Iqh. of port P2 is 50mA max. 

3 : "H" input voltage of ports P0, P1, P3, P4 0 — P4 3f P5, P6 0 , P7 and IN^ is available up to +12V 
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ELECTRICAL CHARACTERISTICS (V C c=5V, V ss =0V, T a =25°C, f(X, N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


VqH 


"H" output voltage P2 0 ~P2 7 


l O H=-10mA 


3 






V 


VqH 


"H" output voltage <t> 


I 0 h— — 2. 5mA 


3 






V 


Vol 


"L" output voltage P0 0 ~P0 7 , P1 0 ~P17, P2 0 ~P2 7 , 
P3 0 ~P3 7 , P4 0 ~P4 7l P6 0 ~P6 3 , 
P7 0 ~P7 5 


l O L=10mA 






2 


V 


Vol 


"L" output voltage i>, PWM, P6 4 


loL/^mA 






2 


V 


V T +-V T _ 


Hysteresis INfi 




0.3 




1 


V 


V T +-V T _ 


Hysteresis P36 


When used as CLK input 


0.3 


0.8 




V 


v T +-v T - 


Hysteresis P3 2 


When used as INT2 input 


0.3 




1 


V 


V T +-V T - 


Hysteresis P33 


When used as CNTR input 


0.5 


1 




V 


V T +— V T - 


Hysteresis P6o 


When used as T input 


0.5 


1 




V 


V T+ — V T - 


Hysteresis RESET 






0.5 


0.7 


V 


V T +-V T _ 


Hysteresis Xin 




0. 1 




0. 5 


V 


IlL 


"L" input current P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7l 
P3 0 ~P3 7 , P4 0 ~P4 7 , P5 0 ~P5 7 , 
P6 0 , P7 0 ~P7 5 , PWM 


V,=0V 






— 5 


juA 


'iL 


"L" input current INTl RESET, X iN 


V|=0V 






—5 


juA 


I.H 


"H" input current POo~P0 7 , P1o~P1 7 , P3o~P3 7 , 
P4 0 ~P4 3 , P5 0 ~P5 7l P6 0 , 
P7 0 ~P7 5 , PWM 


V,=12V 






12 


juA 


llH 


"H" input current INTl RESET, X, N , P2 0 ~P2 7 , 
P4 0 ~P4 7 


V,=5V 






5 


juA 


Vram 


RAM retention voltage 


At clock stop 


2 






V 


'cc 


Supply current 


4>, Xout- and D-A pins 
opened, other pins at 
V S s, and A-D converter 
in the finished condi- 
tion 


f(X, N )=4MHz 
Square wave 




i 3 


6 


mA 


At clock stop 
T a =25°C 






1 


juA 


At clock stop 
T a =75°C 






10 



A-D CONVERTER CHARACTERISTICS (V CC =5V, V S s=AV S s=0V, T a =25°C, f(X IN )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 




Resolution 


Vref=Vcc 






8 


Bits 




Absolute accuracy 


Vref=V cc 






±3 


LSB 


Rladder 


Ladder resistance value 


V RE F=V CC 


2 




10 


kn 


tcoiMv 


Conversion time 








50 


/US 


Vref 


Reference input voltage 




2 




Vcc 


V 


V,A 


Analog input voltage 




0 




Vref 


V 


D-A CONVERTER CHARACTERISTICS (V CC =5V, V S s=AV ss =0V, T a =2S°C, f(X IN )=4MHz, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 




Resolution 


Vref=V C c 






5 


Bits 




Error in full scale range 


Vref^Vcc 






±1 


% 


tsu 


Setup time 


Vref=V cc 






3 


MS 


Ro 


Output resistance 


Vref=V C c 






3 


kn 


V REF 


Reference voltage 




4 




Vcc 


V 
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MITSUBISHI MICROCOMPUTERS 
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



TIMING REQUIREMENTS 

Single-Chip mode (V CC =5V±10%, V ss =0V, T a =25°C, f(X, N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsil(POD— <f>) 


Port PO input setup time 


270 






ns 


tsil(P1D— <t>) 


Port P1 input setup time 


270 






ns 


tsU(P2D— </>) 


Port P2 input setup time 


270 






ns 


*SU(P3D— <t>) 


Port P3 input setup time , 


270 






ns 


*SU(P4D— <t>) 


Port P4 input setup time 


270 






ns 


*SU(P5D— <*) 


Port P5 input setup time 


270 






ns 


tsU(P7D— <*) 


Port P7 input setup time 


270 






ns 


th(<*— POD) 


Port PO input hold time 


20 






ns 


^h( 0 — pi d) 


Port P1 input hold time 


20 






ns 


th(<*— P2D) 


Port P2 input hold time 


20 






ns 


*h(<*— P,3D) 


Port P3 input hold time 


20 






ns 


th(0— P4D) 


Port P4 input hold time 


20 






ns 


*h(v*— P5D) 


Port P5 input hold time 


20 






ns 


th(*-P7D) 


Port P7 input hold time 


20 






ns 


tc 


External clock input cycle time 


250 






ns 


tw 


External clock input pulse width 


75 






ns 


tr 


External clock rising edge time 






25 


ns 


tf 


External clock falling edge time 






25 


ns 


Eva-Chip mode (V CC =5V±10%, V ss =0V, T a =25°C, f(X, N )=4MHz, unless otherwise noted) 


Symbol 


Parameter 


Limits 


Unit 


Min 


Typ. 


Max. 


tsu(poD— <*) 


Port PO input setup time 


270 






ns 


*SU(P1D— <t>) 


Port P1 input setup time 


270 






ns 


tsu(P2D— <t>) 


Port P2 input setup time 


270 






ns 


*h(<* — POD) 


Port PO input hold time 


20 






ns 


th(<*— pid) 


Port P1 input hold time 


20 






ns 


P2D) 


Port P2 input hold time 


20 






ns 


Memory expanding mode and microprocessor mode 

(V C c=5V±10%, V S s=0V, T a =25 0 C, f(X IN )=4MHz, unless otherwise noted) 


Symbol 


Parameter ) 


Limits 


Unit 


Min 


Typ. 


Max. 


tsU(P2D— <t>) 


Port P2 input setup time 


270 






ns 


th(«i—P2D) 


Port P2 input hold time 


30 






ns 
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SWITCHING CHARACTERISTICS 

Single-Chip mode (V CC =5V±10%, V ss =0V ( T a =25°C, f(X IN )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max 


td(<*— POQ) 


Port PO data output delay time 


Fig 24 






230 


ns 


*d(£— piq) 


Port P1 data output delay time 






230 


ns 


^d( <t> — P2Q) 


Port P2 data output delay time 


Fig.25 






230 


ns 


*d(tf— P3Q) 


Port P3 data output delay time 


Fig 24 






230 


ns 


td(0— P4Q) 


Port P4 data output delay time 






230 


ns 


*d(*— P6Q) 


Port P6 data output delay time 






230 


ns 


*d(0-P7Q) 


Port P7 data output delay time 






230 


ns 



Eva-Chip mode (V CC =5V±10%, V ss =0V, T a =25 0 C, f(X IN )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ. 


Max 


*d(^-POA) 


Port P0 address output delay time 


Fig 24 






250 


ns 


td(*— POAF) 


Port P0 address output delay time 






250 


ns 


*d(0— POQ) 


Port P0 data output delay time 






200 


ns 


*d(^— POQF) 


Port P0 data output delay time 






200 


ns 


td(«^— pia) 


Port P1 address output delay time 






250 


ns 


*d(^— P1AF) 


Port P1 address output delay time 






250 


ns 


td(<*— piq) 


Port P1 data output delay time 






200 


ns 


*d(0— P1QF) 


Port P1 data output delay time 






200 


ns 


td(<^-P2Q) 


Port P2 data output delay time 


Fig.25 






300 


ns 


*d(0— P2QF) 


Port P2 data output delay time 






300 


ns 


*d<«»— R/W) 


R/W signal output delay time 


Fig 24 






250 


ns 


*d(0— R/WF) 


R/W signal output delay time 






250 


ns 


td(<*-P3 0 a) 


Port P3o data output delay time 






200 


ns 


*d(^— P3 0 QF) 


Port P3 0 data output delay time 






200 


ns 


*d(^-SYNC) 


SYNC signal output delay time 






250 


ns 


*d(^— SYNCF) 


SYNC signal output delay time 






250 


ns 


*d(«>— P3!Q) 


Port data output delay time 






200 


ns 




Port P3i data output delay time 






200 


ns 



Memory expanding mode and microprocessor mode 

(V CC =5V±10%, V S s=0V, T a =2b°C, f(X, N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ. 


Max 


*d(<*— poa) 


Port P0 address output delay time 


Fig 24 






250 


ns 


*d(^-piA) 


Port P1 address output delay time 






250 


ns 


*d(<»— P2Q) 


Port P2 data output delay time 


Fig 25 






300 


ns 


*d(^— P2QF) 


Port P2 data output delay time 






300 


ns 


^d(0 — R/W) 


R/W signal output delay time 


Fig 24 






250 


ns 


td(l*— SYNC) 


SYNC signal output delay time 






250 


ns 




ikn 



^MOOpF 



X 100 D F 



Fig.24 Ports PO, P1, P3, PA, P6 and P7 test circuit 



P2 




1 ' 

^.lOOpF 

777 




— I ' 

^] OOpF 





Fig.25 Port P2 test circuit 
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



TIMING DIAGRAMS 

In single-chip mode 



Port PO output 



Port PO input 



Port P1 output 



Port P1 input 



Port P2 output 



Port P2 input 



Port P3 output 



Port P3 input 



Port P4 output 



Port P4 input 



Port P5 input 



Port P6 output 



Port P7 output 



Port P7 input 



f(X, r 



x 



td (0-POQ) 



>: 



tfj (<4-P1Q) 



x 



td (0-P2Q) 



x 



td (*-P3Q) 



x 



td (0-P4Q) 



x 



td (0-P6Q) 



x 



td (0-P7Q) 



\ / 



tsU (POD-*) 



tsu (P1D-#) 



yr 



tsu (P2D-<6) 



tsu (P3D-0) 



tsu (P4D-0) 



tsu (P5D-(*) 



tsU (P7Q-0) 



yf 



V 



-th (0-POD) 



-th (0-pid) 



X 



-th (0-P2D) 



K 



"th (*-P3D) 



th (0-P4D) 



X 



-th (0-P5D) 



K 



~th ((*-P7D) 



\ / 
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In eva-chip mode 



Port PO output 



Port PO input 



Port P1 output 



Port P1 input 



Port P2 output 



Port P2 input 



Port P3 0 output (R/W) 



Port P3t output (SYNC) 



X 



t(j (^-POA) 



x 



t(j (*~P1A) 



X 



t(J (*-P2Q) 



>: 



t<j (*-R/w) 



\ / 



X 



td (*-SYNC) 



td (*-POAF) 



td POQ) 

tsu (POD-*) 



*d (0-P1AF) 



td (0-piq) 

tsu (P1D-0) s 



td U-P2QF) 



>X 



tsu (P2D-0) 



td (0-R/WF) 



>x 



td (*-P3 0 Q) 



td (0-SYNCF) 



td U-P3TQ) 



td (0-POQF) 



V 



th U-POD) 

td (*-piqf) 



X 



-th u-pid) 



th (0-P2D) 
td (*-P3 0 QF) 



X 



td (4>-P3iQF) 
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In memory expanding mode and microprocessor mode 



Port PO output 



Port P1 output 



Port P2 output 



Port P2 input 



Port P3 0 output (R/W) 



Port P3, output (SYNC) 



\ / 



X 



t(j (*-POA) 



X 



td (*-pia) 



X". 



floating 



X 



td (*-p./w) 



X 



td (*-SYNC) 



X 



td (*-P2Q) 



X 



x 



td (#-P2QF> 



x:::: 

Is 



-th (*-P2D) 



x 



X 
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DESCRIPTION 

The M37413M4HXXXFP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
80-pin plastic molded QFP. This single-chip microcomputer 
is useful for business equipment and other consumer ap- 
plications. 

In addition to its simple instruction set, the ROM, RAM, and 
I/O addresses are placed on the same memory map to en- 
able easy programming. 

The differences between the M3741 3M4HXXXFP and the 
M3741 3M6HXXXFP are noted below. The following ex- 
planations apply to the M3741 3M4HXXXFP. 
Specification variations for other chips are noted accor- 
dingly. 

The M3741 3M4HXXXFP has the same functions as the 
M37413M4-XXXFP except for the method of writing to in- 
terrupt request distinguish registers. 



Type name 


ROM size 


M3741 3M4HXXXFP 


8192 bytes 


M3741 3M6HXXXFP 


12288 bytes 



FEATURES 



Number of basic instructions ■ 69 

Memory size ROM •••8192 bytes ( M3741 3M4HXXXFP) 
12288 bytes ( M3741 3M6HXXXFP) 

RAM 256 bytes 

Instruction execution time 

(minimum instructions at 8MHz frequency) 

at high-speed mode 1a*s 

at normal mode 4//s 

Single power supply 
high-speed mode (at 8MHz frequency) 

4.5-5.5V 

normal mode (at 8MHz frequency) 
high-speed mode (at 2MHz frequency) 

2.5-5.5V 

Power dissipation 
high-speed mode (at 8MHz frequency) 

30mW (V CC =5V, Typ.) 

low-speed mode (at 32kHz frequency for clock 

function) 54/iW (V C c=3V, Typ.) 

RAM retention voltage (stop mode) 

2.0V^V RAM ^5.5V 

Subroutine nesting 96levels (Max.) 

Interrupt 10types, 5vectors 

8-bit timer 4 (3 when used as serial I/O) 

16-bit timer 1 

Programmable I/O ports 

(Ports PO, P1, P2, P3, P5, P6, P7) 56 

Input port (Port P4) 8 

Serial I/O (8-bit) 1 

A-D converter 8-bit, 8channel 

Two clock generating circuits 

(One is for main clock, the other is for clock function) 



PIN CONFIGURATION (TOP VIEW) 



_ 0. Q. 0. Q. < > « 



I i i I I 1 



P4 2 /IN 6 


-u 


PVIN5 


-+e 


P4 0 /IN 4 


-+E 


IN 3 


-E 


IN 2 


-U 


INi 


-* E 


INo 


-E 


V CC 


E 


P5 7 /PWM3 


**E 


P5 6 /PWM2 




P5 5 /PWM1 




P5 4 /PWM0 




P5 3 /SIG 




P5 2 /CNT 2 




PSt/CNTt 




P5 0 /INT 3 




P37/Srdy 




P3 6 /CLK 




P35/S0UT 




P3 4 /S IN 





I I 

[73l|72||7l][70 



tunnu 



So]-**- 



o 



22 

CO CO 
CO CO 

22 

I I 

XX 
XX 
XX 

T| T| 

TJ-0 



O 



1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 



P7 3 
P7 4 
P7 5 
P7 6 
P7 7 
■<j> 

P2o 
P2i 
P2 2 
P2 3 
P2 4 
P2 5 
P2 6 
■ P2 7 
•POo 
Pd 
•P0 2 
P0 3 
P0 4 
P0 5 



Outline 80P6S 



NC ' No connection 



APPLICATION 

Audio-visual equipment, VCR, Tuner, Office automation 
equipment, Camera, Communications apparatus, Cordless 
telephone. 
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M3741 3M4HXXXFP BLOCK DIAGRAM 



Clock Clock Timing 
input output output 

X|N XoUT 

T 



Interrupt Reset Reference 
input input voltage input 

Vcc AVcc V ss AV SS V REF CNV S5 
© 



I/O port P5 




I/O port P6 Input port P4 



Note 1 : 12288 bytes for M3741 3M6HXXXFP 
2 : PC H uses 6 bits only 



I/O port P3 



I/O port P2 I/O port P1 I/O port PO 



I/O port P7 



z 

o 
r 
m 

■ 

o 

X 

■ 

s 

H 

o 
2 
o 

CO 



o 

o 
o 
o 
3 
■o 
c 

H 

m 



33 2 



0> 



WW 2 

o 
so 
o 
o 

XX 1 

xx 5 
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MITSUBISHI MICROCOMPUTERS 

M37413M4HXXXFP 
M37413M6HXXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



FUNCTIONS OF M3741 3M4HXXXFP, M3741 3M6HXXXFP 



Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


1a*s (minimum instructions, at 8MHz frequency) 


Clock frequency 


8MHz 


Memory size 


M3741 3M4HXXXFP 


ROM 


8192bytes 


RAM 


256bytes 


M3741 3M6HXXXFP 


ROM 


12288bytes 


RAM 


256bytes 


Input/Output port 


PO, P2, P7 


I/O 


8-bitX3 (CMOS output, Pull-up option) 


P1, P3, P5. P6 


I/O 


8-bitX4 (N-channel open drain output, Pull-up option) 


P4 


Input 


8-bitXl (Pull-up option) 


Serial I/O 


8-bitX1 


Timers 


8-bit timerX4 


16-bit timerXI 


Subroutine nesting 


96 (max ) 


Interrupt 


4 external interrupts, 5 internal interrupts, 1 software interrupt 


Clock generating circuit 


Two built-in circuits (ceramic or quartz crystal oscillator ) 


Operating temperature range 


-20~75°C 


Device structure 


CMOS silicon gate 


Package 


80-pin plastic molded QFP 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc. 
V ss 


Supply voltage 




Power supply inputs 5Vi:10% to Vcc. and OV to Vss 


CNVss 


CNVss 




This is connect to V S s 


RESET 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 16^s (under normal Vcc 
conditions) If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the.required time 


X|N 


Clock input 




These are I/O pins of internal clock generating circuit for main clock To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the X| N and Xout P'ns If an external 
clock is used, the clock source should be connected the X| N pin and the X 0 ut pm should be left open 


XoUT 


Clock output 


Output 


INT, 


Interrupt input 


Input 


This is the highest order interrupt input pin 


AVcc 


Voltage input for A-D 




This is power supply input pin for the A-D converter 


AV SS 


Voltage input for A-D 




This is GND input pin for the A-D converters. Connect to V S s 

I 


Vref 


Reference voltage 
input 


Input 


This is reference voltage input pin for the A-D converter 


P0 o ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output At reset, this port is set to input mode The output structure is CMOS output Pull-up option 
of this port is valid only in input mode 


P1 0 ~P1 7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO, but the output structure is N-ch 
open drain Pull-up option of this port is valid only in input mode 


P2 0 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO and also works as the key on 
wake up function with mask option Pull-up option of this port is valid only in input mode 


P3 0 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port P1 When serial I/O is used, P3 7 , 
P36, P3 5 , and P3 4 work as S RD y. CLK, S 0 ut. and S iN pins, respectively Also P3 3 , P3 2 , P3^ and P3 0 work as 
timer 4 overflow signal divided by 2 output pin (T), INT2 pin, Xcin and Xcout pins, respectively Pull-up op- 
tion of this port is valid in both input and output modes 


P4 0 ~P4 7 


Input port P4 


Input 


Port P4 is an 4-bit input port P4o~P43 are in common with IN4 — IN 7 Pull-up option can be used when this 
port is used as a input port 


P5 0 ~P5 7 


I/O port P5 


I/O 


Port P5 is an 8-bit I/O port and has basically the same function as P1. P5 0 , P5i, P5 2 and P5 3 are in common 
with INT3, timer 3 input, timer 5 input and A-D trigger input respectively P5 4 ~P57 are also in common with 
PWM0~PWM3 Pull-up option of this port is valid in both input and output modes. 


P6 0 ~P6 7 


I/O port P6 


I/O 


Port P6 is an 8-bit I/O port and has basically the same functions as port P1 Pull-up option of this port is 
valid in both input and output modes 


P7 0 ~P7 7 


I/O port P7 


I/O 


Port P7 is an 8-bit I/O port and has basically the same functions as port P2 Pull-up option of this port is 
valid only in input mode 
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FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 

The M37413 microcomputers use the standard MELPS 740 
instruction set For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MEUPS 740 
Software Manual. 

Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 
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MEMORY 

• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 

• RAM 

RAM is used for data storage as well as a stack area. 

• ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 



• Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 

• Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

• Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 



ROM 

(12288 bytes) 
for 

M37413M6H 
XXXFP 



RAM 
(192 bytes) 



Hexadecimal 
0000 1£ 



I 00BF 16 



(8192 bytes) 
for 

M37413M4H 
XXXFP 



O0D0 16 



0100 1C 



(64 bytes) ^ Q ^ 

1000 16 

2000 16 

3F00 16 
3FF4 16 



3FFF U 



SFR area 



Not used 



Interrupt vector area 



> Zero page 



Special 
page 
for 
subroutine 
call 



Fig. 1 Memory map 
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UUL'VJlg 


Port P6 


00E0 16 


Port PO 






Port P6 directional register 


00E1 16 


Port PO directional register 






Port P7 


00E2 16 


Port P1 




00D3 16 


Port P7 directional register 


00E3 16 


Port P1 directional register 




00D4 16 




00E4 16 


Port P2 




00D5 16 


P7 Key on wake up register 


00E5 16 


Port P2 directional register 




00D6 16 




00E6 16 






00D7 16 




00E7 16 






O0D8 16 




00E8 16 


Port P3 




00D9 16 




00E9 16 


Port P3 directional register 




00DA 16 




00EA 16 


Interrupt request distinguish register 2 




00DB 16 




00EB 16 


Interrupt request distinguish register 1 




00DC 16 




00EC 16 


Port P5 




00DD 16 




00ED 16 


Port P5 directional register 




00DE 16 




00EE 16 


P2 Key on wake up register 




00DF 16 




00EF 16 


A-D register 






00F0 16 








00F1 16 


Timer 6 latch 






00F2 16 


A-D control register 






00F3 16 


PWM control register 






00F4 16 








00F5 16 


Port P4 






00F6 16 


Serial I/O mode register 






00F7 16 


Serial I/O register 






00F8 16 


Timer 4, 5, 6 mode register 






00F9 16 


Timer 1 latch 






00FA 16 


Timer 2 latch 






00FB 16 


Timer 3 latch 






0OFC 16 


Timer 4 latch 






00FD 16 


Timer 5 latch 






0OFE 16 


Interrupt control register 






00FF 16 


Timer control register 











Fig. 2 SFR (Special Function Register) memory map 
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INTERRUPT 

The M3741 3M4HXXXFP can be interrupted from ten sources; 
INT 1( Timer 2 or Serial I/O, INT 3 or Key on wake up, INT 2 
or Timer 3, Timer 6 or A-D, and BRK instruction. 
"Key on wake up" can only be used at power down state by 
STP instruction or WIT instruction. When one of the P2 or 
P7 is "L", an interrupt occurs. 

These interrupts are vectored and their priorities are shown 
in Table 1. Reset is included in this table since it has the 
same function as an interrupt 

When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, and the interrupt 
disable flag (I) is set, and the program jumps to the 
address specified by the interrupt vector, and the interrupt 
request bit is cleared automatically. The reset interrupt is 
the highest priority interrupt and can never be inhibited. Ex- 
cept for the reset interrupt, all interrupts are inhibited when 
the interrupt disable flag is set to "1". All of the other inter- 
rupts can further be controlled individually via the interrupt 
control register shown in Figure 3. An interrupt is accepted 
when the interrupt enable bit and the interrupt request bit 
are both "1" and the interrupt disable flag is "0". 
The interrupt request bits are set when the following condi- 
tions occur: 

(1) When the INT 1f INT 2 or INT 3 pins go from "H" to "L" or 
"L" to "H" 

(2) When the levels any pin of P2 or P7 goes "L"(at power 
down mode) 

(3) When the contents of timer 2, timer 3, timer 6 or the 
counter of serial I/O goes "0" 

These request bits can be clear by a program but can not 
be set. The interrupt enable bit can be set and clear by a 
program. 

When the two interrupt requests, which are the same prior- 
ity and are at the same sampling, the priority process is 
processed by interrupt request distinguish register 1 and 2 
The interrupt request distinguish bit is used by software to 
determine priority when two interrupt causes are allocated 
to the same interrupt vector (that is, the two interrupts have 
the same priority). 

Irrespective of whether the interrupt is disabled or enabled, 
the interrupt request distinguish bit is automatically set to 
"1" when conditions arise that satisfy the interrupt cause. 
However, the interrupt request distinguish bit is not auto- 
matically cleared. The bit must therefore be cleared by 
software in the interrupt service routine (before executing 
an RTI instruction). 

Note that when using the instruction CLB to clear this bit, 
the request distinguish bit of an interrupt that is generated 
during execution of CLB will not be set(to "1")- Use one of 
the following two methods to clear interrupt request disting- 
uish bits: 



© Use instruction LDM to write directly to address 00EB 16 
(interrupt request distinguish register 1) or 00EA 16 
(interrupt request distinguish register 2). 



© Use instructions LDA, ORA, AND, and STA to write via 
the accumulator to address 00EB 16 (interrupt request 
distinguish register "l)or 00EA 16 ( interrupt request disting- 
uish register 2). 



Because an interrupt request is generated only at the time 
the interrupt request distinguish bit is set(to "1"), no inter- 
rupt will be generated while the interrupt request disting- 
uish bit remains in the set state. For this reason, the inter- 
rupt request distinguish bit must be cleared by software in 
the interrupt service routine. 



LDM #$nn,$zz 
, Where zz is the address(00EB 16 or 00EA 16 )of the interrupt request 
, distinguish register that includes the interrupt request distinguish 
, bit that is to be cleared and nn sets the interrupt request distmg- 
, uish bit to be cleared to "0" and other interrupt request distinguish 
, bits to "1" 

, Other control bits must be set according to the required control 
, (interrupts enabled or disabled) 

[Example] Clearing the INT 2 interrupt request distinguish bit 
LDM 1X1X0X1XB, $00EB 
f t t t 

Of the interrupt request distinguish bits, only the INT 2 interrupt re- 
quest distinguish bit, which is to be cleared, should be set to "0 " 
The values of bits marked "X" are determined by the control 
being effected 



LDA $zz 
ORA #$nn 
AND #$nn 
STA $zz 

, Where zz is the address(00EB 16 or 00EA 16 )of the interrupt request 
, distinguish register that includes the interrupt request distinguish 
, bit that is to be cleared and nn sets the interrupt request distmg- 
, uish bit to be cleared to "0" and other interrupt request distinguish 
, bits to "1" Other control bits must be set according to the required 
, control (interrupts enabled or disabled) 
[Example] Clearing the timer 6 interrupt request distinguish bit 
LDA $00 E A 
ORA XX1X1X0XB 
t f t 

Of the interrupt request distinguish bits, only the interrupt request 
distinguish bit for timer 6, which is to be cleared, shoud be set to 
"0" The values of bits marked "x" are detemmed by the control 
being effected 

i 1 1 
AND XX1X1X0XB 
STA $00EA 
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Note that only method of © can be used in the M37413M4- 
XXXFP. 

Since the BRK instruction interrupt and the timer 6 or A-D, 
interrupt have the same vectored address, the contents of 
the B flag must be checked to determine if the BRK in- 
struction caused the interrupt or if timer 6 or A-D generated 
the interrupt. 



Table 1. Interrupt vector address and priority 



Event 


Priority 


Vector addresses 


Remarks 


RESET 


1 


3FFF 16 , 3FFE 16 


Non-maskable 


INT - ! interrupt 


2 


3FFD 16 , 3FFC 16 


External interrupt 


Serial I/O or timer 2 interrupt 


3 


3FFB 16 , 3FFA 16 




INT 3 or key on wake up interrupt 


4 


3FF9 16 , 3FF8 n6 


External interrupt 


INT 2 or timer 3 interrupt 


5 


3FF7 16 , 3FF6 16 


External interrupt (INT 2 ) 


Timer 6 or A-D interrupt 
(BRK instruction interrupt) 


6 


3FF5 16 , 3FF4 16 


(Non-maskable software interrupt) 




Key on wake up register 
(Addresses 00EE 16 , 00D5 16 ) 7 



I I I I Ml I I I I I I I I I I 



Interrupt request 




Interrupt disable flag I 



Reset 



Interrupt request distinguish register 1 (00EB 16 address) 

Bit 7 : Serial I/O interrupt request distinguish bit 

Bit 6 : Serial I/O interrupt enable bit 

Bit 5 .' Timer 2 interrupt request distinguish bit 

Bit 4 : Timer 2 interrupt enable bit 

Bit 3 : INT 2 interrupt request distinguish bit 

Bit 2 : INT 2 interrupt enable bit 

Bit 1 : Timer 3 interrupt request distinguish bit 

Bit 0 : Timer 3 interrupt enable bit 
Interrupt request distinguish register 2 (00EA 16 address) 

Bit 5 : INT 3 interrupt request distinguish bit 

Bit 4 .' INT3 interrupt enable bit 

Bit 3 A-D interrupt request distinguish bit 

Bit 2 : A-D interrupt enable bit 

Bit 1 Timer 6 interrupt request distinguish bit 

BitO ." Timer 6 interrupt enable bit 

Interrupt control register (00FE 16 address) 
Bit 7 : INT, interrupt request bit 
Bit 6 : INT, interrupt enable bit 
Bit 5 : INT3 or key on wake up interrupt request bit 
Bit 4 . INT3 or key on wake up interrupt enable bit 
Bit 3 . INT 2 or timer 3 interrupt request bit 
Bit 2 . INT 2 or timer 3 interrupt enable bit 
Bit 1 '. Timer 6 or A-D interrupt request bit 
BitO : Timer 6 or A-D interrupt enable bit 



Timer control register (00FF 16 Address) 

Bit 7 '. Serial I/O or timer 2 interrupt request bit 
Bit 6 : Serial I/O or timer 2 interrupt enable bit 



Bit 5 y 



Timer 3 count source selection bit 



Bit 4 J 

Bit 3 '. Timer 2 count source selection bit 
Bit 2 Timer 1 count source selection bit 
Bit 1 1 



Processor mode bit 



BitO-/ 



Fig. 3 Interrupt control 
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TIMER 

The M3741 3M4HXXXFP has six timers; timer 1, timer 2, 
timer 3, timer 4, timer 5 and timer 6. 
A block diagram of timerl through 6 is shown in Figure 4. 
The count source for timer 1 through 3 can be selected by 
using bit 2, 3, 4 and 5 of the timer control register (address 
00FF 16 ) , as shown in Figure 5. All of the timers are down 
count timers and have 8-bit latches. When a timer reaches 
"0" and the next count pulse is input to a timer, the con- 
tents of the reload latch are loaded into the timer. The divi- 
sion ratio of the timer is 1/(n+l), where n is the contents 
of timer latch. 

Timer 2, 3 and 6 has interrupt generating functions. The 
timer interrupt request bit which is in the interrupt disting- 
uish register 1 or 2 (located at addresses 00EB 16 and 
00EA 16 respectively) is set at the next count pulse after the 
timer reaches "0" (see interrupt section). 
The starting and stopping of timerl is controlled by bit 7 of 
the interrupt distinguish register 2, timer 3 by bit 6 of the in- 
terrupt distinguish register 2 and timer 4 by bit 3 of timer 4, 
5 and 6 mode register (00F8 16 address). If the correspond- 
ing bit is "0". the timer starts counting, and the correspond- 
ing bit is "1", the timer stops. The timer4 overflow signal di- 
vided by 2 can be outputed from port P3 3 by setting the bit 
4 of the serial I/O mode register (00F6 16 address) to "1". 
Timer 5 and 6 work as timer mode, event counter mode 
and PWM mode by changing the contents of bit 5 and bit 6 
of the timer 4, 5 and 6 mode register. 

(1) Timer Mode 

This mode is the 16-bit timer, and the count source is 0/4. 
When the bit 6 of PWM control register (00F3 16 address) is 
"1", the timer6 overflow singnal divided by 2 is output from 
CNT 2 pin (common with P5 2 ). 

(2) Event Counter Mode 

The count source is input from the CNT 2 pin. The count de- 
cremented each time the input goes from "L" to "H". 

(3) PWM Mode 

As shown in Figure 6, the output wave is controlled by the 
contents of the timer latch of timer 5 and 6. 
PWM output can choose among PWMO, PWM1, PWM 2 and 
PWM3 by bit 0, bit 1, bit 2 and bit 3 of PWM control reg- 
ister. 

When the count value of all timers, from timer 1 to timer 6, 
are read, be careful not to change the input source. 
When the count source is inputed from the external pin, the 
minimum pluse width should be 8jus. 
After a STP instruction is executed, timer 2, timer 1 , and the 
clock (0 divided by 4) are connected in series (regardless 
of the status of bit 2 through 5 of the timer control register). 
This state is canceled if timer2 interrupt request bit is set to 
"1", or if the system is reset. Before the STP instruction is 
executed, bit 7 of the interrupt request distinguish register2 
(timerl count stop bit) , bit 5 of the interrupt request dis- 
tinguish register! and bit 6 and bit 7 of the timer control 



register must be set to "0". And also bit 4 of the interrupt 
request distinguish registerl must be set to "1". For more 
details on the STP instruction, refer to the oscillation circuit 
section. 



3-176 



AMUSUBISt 
ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M37413M4HXXXFP 
M37413M6HXXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



Data bus 



XcinO 



IF1 : Interrupt request distinguish register 1 

IF2 * Interrupt request distinguish register 2 

TC '. Timer control register 

CM : Timer 4, 5, 6 mode register 

WC PWM control register 

SM : Serial I/O mode register 




P5T/CNT! 
P3e/S C LK 




SM 1 



■Synchronous clockl 



SM^ SM 2 SM ; 
PSs/SouT 
P3 4 /S, N - 

P3//Srdy ~ 



SM 3 

-<r- 



P3 3 /T- 



SM 4 

-4- 



P5 2 /CNT 2 - 



TC 5 ir _ n [ Timer 3 latch (8) 
TC 4 



Timer 3 (8) 
^ 



Serial I/O counter \ - 



Serial I/O register 



CM 3 L. 



Timer 4 latch (8) 



Timer4 (8) 



WC 6 A 



CM 5 
CM, 



WC 0 



P5 4 /PWM0 



P5 5 /PWM1 
P5 6 /PWM2 



wc 3 



CM 6 



I Timer5 latch (8) 1 
My J, 

jjp—\ Timers (8) h 



Timer 6 latch (8) 



I 



Timer6(8) I- 



P5 7 /PWM3 < 

Note The abridgment of timer control register is changed to TC 

The abridgment of timer 4, 5, 6 mode register is changed to CM 



Overflow flag (WC 5 ) 



Timer 2 interrupt request bit (IF1 5 



Timer 3 interrupt request bit ( IF1 ! ) 



►Serial I/O interrupt request bit(lF1 7 



*• Overflow flag (CM 4 ) 

-Eh 



I — lo r\ 



SQ 



►Timer 6 interrupt request bit (IF2, 



Select gate at reset, shaded side is connected 



Fig. 4 Block diagram of timer 1 through 6 
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7 0 

1 1 1 1 1 1 1 1 Timer control register 

(Address 00FF 16 ) 



Processor mode bit 

00 '. Single-chip mode 

01 : Not used 

10 : Not used 

11 : Not used 

Timer 1 count source selection bit 

0 : <f> divided by 4 

1 Clock for clock functnon (X C in) 

Timer 2 count source selection bit 

0 '. Timer 1 overflow 

1 : Clock for clock function (X C in) 
Timer 3 count source selection bit 

00 : ^ divided by 4 

01 : Timer 2 overflow 
10 : CNT, input 

■Serial I/O or timer 2 interrupt enable bit 

0 : Interrupt inhibit 

1 : Interrupt enable 

Serial I/O or timer 2 interrupt request bit 

0 : No interrupt request 

1 : With interrupt request 



7 0 

Timer 4,5,6 mode register 

L (Address 0OF8 16 ) 
INT t input polarity selection bit 

0 : Interrupt request by falling edge 

1 : Interrupt request by rising edge 
INT 2 input polarity selection bit 

0 : Interrupt request by falling edge , 

1 : Interrupt request by rising edge 
' INT 3 input polarity selection bit 

0 : Interrupt request by falling edge 

1 : Interrupt request by rising edge 
' Timer 4 count stop bit 

0 : Count start 

1 : Count stop 

' ■ Timer 4 overflow bit 

0 : No timer 4 overflow 

1 : With timer 4 overflow 
' Timer 5,6 mode bit 

00 : Timer mode (count source <f>/4) 

01 '. Event counter mode 

10 ! Pulse width measurement mode (count source 4>/A) 

11 : Pulse width measurement mode (count source is overflow of timer 4) 
Timer 5,6 count stop bit 

0 . Count start 

1 : Count stop 



Fig. 5 Structure of timer control register and timer 4,5,6 mode register 
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PWM 

M3741 3M4HXXXFP has a pulse width modulated (PWM) 
output control circuit connecting with timer5 and timer6. 



Figure 5 shows the structure of timer 4,5,6 mode register, 
Figure 6 shows the PWM rectangular wave form and Figure 
7 shows the structure of PWM control register. 



PWM _ 


I 




wave form 


Jimer 6|^ timer 5 






timer 5+timer 6 





Fig. 6 PWM rectangular wave form 



PWM control register 

(00F3 16 address) 

-P5 4 /PWM0 selection bit 

0 : P5 4 

1 : pwmo 

-P5 5 /PWM1 selection bit 

0 : P5 5 

1 : PWM1 
-P5 6 /PWM2 selection bit 

0 : P5 6 

1 : PWM2 
-P5 7 /PWM3 selection bit 

0 : P5 7 

1 : PWM3 
-P5 3 /SIG selection bit 

0 : P5 3 

1 : SIG 

- Timer 1 overflow flag 

- P5 2 /CNT 2 selection bit 

0 : P5 2 

1 : CNT 2 



Fig. 7 Sturcture of PWM control register 
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SERIAL I/O 

The block diagram of serial I/O is shown in Figure 9. In the 
serial I/O mode the receive ready signal (S RDY ), synchro- 
nous input/output clock (CLK). and the serial I/O (S OU t, 
S,n) pins are used as P3 7) P3 6) P3 5 , and P3 4 , respectively. 

FUNCTION OF SERIAL I/O MODE 
REGISTER 

The serial I/O mode register (address 00F6 16 ) is an 8-bit 
register. Bit 1 and 0 of this register is used to select a syn- 
chronous clock source. When these bits are [00] or [01] , 
an external clock from P3 6 is selected. When these bits are 
[10] , the overflow signal divided by two from timer 3 be- 
comes the synchronous clock. Therefore, changing the tim- 
er period will change the transfer speed. When the bits are 
[11] , the internal clock ^ divided by 4 becomes the clock. 
Bits 2 and 3 decide whether parts of P3 will be used as a 
serial I/O or not. When bit 2 is "1", P3 6 becomes an I/O pin 
of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P3 6 . If the exter- 
nal synchronous clock is selected, the clock is input to P3 6 . 
And P3 5 will be a serial output and P3 4 will be a serial in- 
put. To use P3 4 as a serial input, set the directional register 
bit which corresponds to P3 4 , to "0". For more information 
on the directional register, refer to the I/O pin section. 
To use the serial I/O, bit 2 needs to be set to "1", if it is "0" 
P3 6 will function as a normal I/O. Bit 3 determines if P3 7 is 
used as an output pin for the receive data ready signal (bit 
3="1", S RDY ) or used as a nomal I/O pin (bit 3="0"). 



OPERATION OF SERIAL I/O 

The function of serial I/O differs depending on the clock 
source; external clock or internal clock. 
Internal Clock — The 

Srdy signal becomes "H" during 
transmission or while dummy data is stored in the serial I/O 
register. After the falling edge of write signal, the S RDY sig- 
nal becomes low signaling that the M3741 3M4HXXXFP is 
ready to receive the external serial data. The S RDY signal 
goes "H" at the next falling edge of the transfer clock. The 
serial I/O counter is set to 7 when data is stored in the se- 
rial I/O register. At each falling edge of the transfer clock, 
serial data is output to P3 5 . During the rising edge of this 
clock, data can be input from P3 4 and the data in the serial 
I/O register will be shifted 1 bit. Data is output starting with 
the LSB. After the transfer clock has counted 8 times, the 
serial I/O register will be empty and the transfer clock will 
remain at a high level. At this time the interrupt request bit 
will be set. 

External Clock — If an external clock is used, the interrupt 
request bit will be set after the transfer clock has counted 8 
times but the transfer clock will not stop. Due to this 
reason, the external clock must be controlled from the out- 
side. The external clock should not exceed 250kHz at a 
duty cycle of 50%. When the external clock is chosen, the 
P3 6 pin must be held at "H" level while the serial I/O is not 
used. 

Timing diagrams are shown in Figure 10, and connection 
between two M37413M4HXXXFP's are shown in Figure 11. 



Serial I/O mode register (SM) 
(00F6 16 address) 



1 External clock 



- Synchronous clock selection bit 

oo : 
01 : 

10 : Timer 3 overflow signal divided by 2 

1 1 : Timing <f> divided by 4 

- Serial I/O port selection bit (P3 5l P3 6 ) 

0 : Normal I/O port 

1 : Serial I/O port 

" S RDY signal output selection bit (P3 7 ) 

0 : Normal I/O port 

1 : Sr D y signal output pin 

- T/P3 3 selection bit 

0 : Normal I/O port 

1 : T 

■ X C in. X C out/P3 0 , P3i selection bit 

0 : Normal I/O port 

1 • XciN. XcoilT 

- Unsystem clock operation bit 

0 : HALT 
1 : Operation 

- INT 1 input level 



Fig. 8 Structure of serial I/O mode register 
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Internal 



Divider 



clock 0—1/4 



• P3 7 Q^-<J 



P3 6 O 
P3. O 



From internal clock divided by 4 
or timer 2 or CNT t input 



Timer 3 (8) 



(Address 00FB 16 ) 




- Interrupt request 
distinguish register 1 



Interrupt request 
distinguish register 1 



MSB Serial I/O register (8) LSB | 
(Addre ss 00F7 16 ) 



Data bus 



Serial I/O mode register 
(Address 00F6 16 ) 



Synchronous clock selection bit 

00 : 1 

. External clock 

10 '. Timer 3 overflow signal divided by 2 

11 '. Timing 0 divided by 4 



Serial I/O port selection bit (P3 5> P3 6 ) 

0 : Normal I/O port 

1 : Serial I/O port 



Sr D y signal output selection bit (P3 7 ) 

0 : Normal I/O port 

1 : S RDY signal output pin 



Fig. 9 Block diagram of serial I/O 
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Interrupt request bit set 



Fig. 10 Serial I/O timing 



Sending side 



Serial I/O mode register 



bit 3 



bitO 



Set the directional 
register for P3 7 pin 
in input mode 



P3 7 



P3 6 



P3 5 



Synchronous clock 



P3 7 



Receiving side 



Serial I/O mode register 
bit 3 bitO 



1 


1 


0 


X 



Set the directional 
register for P3 4 pin 
in input mode 



Fig. 11 Example of serial I/O connection 
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A-D CONVERTER 

The A-D converter circuit is shown in Figure 12. One of the 
eight analog input ports of the A-D converter ( IN 0 — IN 7 ) are 
selected by bits 0, 1 and 2 of the A-D control register. The 
IN pins, not to use as analog input, uses as input port. 
Bit 0, 1 and 2, and corresponding to analog input pin is 
shown in Figure 13. A-D conversion is accomplished by first 
selecting bit 3 and 4 of the A-D control register (address 
00F2 16 ) for the source of V REF . And also the analog input 
pin is chosen by the analog input select bit of the A-D con- 
trol register. A-D conversion starts by writing a dummy data 
to the A-D register or changing the input level from SIG pin 
"H" to "L". When A-D conversion is finished, an interrupt is 
generated. After A-D interrupt is accepted, the result of 
A-D conversion can be read from the A-D register. 
Note that the A-D conversion must to be started to convert 
after the reference voltage reaches stable level. 



A-D control register 

(00F2 16 address) 



— 1 Analog input selection bit 

000 : IN 0 100 : in 4 

001 : in 1 101 : in 5 
■ 010 : in 2 no : in 6 

011 : in 3 111 : in 7 
V REF input selection bit 

0 : OFF 

1 : ON 

' V REF source selection bit 

0 : V REF pin 

1 : AVcc 

System clock $ selection bit 

00 : X, N /16 

01 : x, N /4 
io:x CIN /2 
11 :x CIN /2 

■ External A-D start enable bit 

0 : Inhibit 

1 : Enable 



Fig. 13 Structure of segment control register 



Data bus 



7\ 



INoO 
INiO 
IN 2 (> 

PVIN 4 0- 



P4 1 /IN 5 _Q 

PVINeQ 

P4 3 /IN 7 0 4__" 



A-D control register 

(00F2 16 address) 



A-D control 
circuit 




A-D interrupt request bit 



[ A-D control register 
(00F2 16 address) 



(00EF 16 address) 



Ladder resistor 



Vcc 



Fig. 12 A-D converter circuit 
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KEY ON WAKE UP 

"Key on wake up" is one way of returning from a power 
down state caused by the STP or WIT instruction. 
When the key on wake up option of port P2 and port P7 are 
designated and key on wake up interrupt enable bit (IC 4 ) 
is set to "1", if the key on wake up option pin of port P2, P7 
have "L" level applied, key on wake up interrupt is gener- 
ated and the microcomputer is returned to the normal oper- 
ating state. 

When the bit 4 of PWM control register (address 00F3 16 ) is 
set to "1", the pulse shown in Figure 14 is outputed from 
P5 3 pin. 



As shown in Figure 15, if the key matrix of active "L" to in- 
put port P2, P7 are constructed, the microcomputer is re- 
turned to normal operating state by the key push. Refer to 
the section of interrupt how to use the key on wake up 
function. In order to enter the power down state generated 
by the STP or WIT instruction at the interrupt disable flag 
(I) is "0" and IC 4 is "1", the input designated as key on 
wake up by option in port P2, P7 must be all "H". 



Timer 1 and Timer 2 count 



P5 3 /SIG pin 



t' I 

Key on wake up input Stand-by release 



Fig. 14 Output from the SIG pin at wake up from the stop state 
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P7 key on wake up register 
(00D5 16 address) 



P2 key on wake up register 
(00EE 16 address) 



P2 7 



P7 7 



Port P2 7 

directional register 



Port P2 0 

directional register 



Port P7 7 

directional register 



Port P7 0 

directional register 



Port PX X 

"L" level output 



(Note)^i 



my 

Option 



(Note) 



Option 



(Note) 



t 



Option 




Interrupt control register 



Port P2 data 



Port P7 data 



Note : In the M37413M4-XXXFP and M37413M6-XXXFP, each bit can be set to either 
enable or disable key on wake up by a pull-up resistor(mask option) In the 
M37413E6-XXXFP and M37413E6FS, all bits are set to enable key on wake up 



Fig. 15 Block diagram of port P2, P7 and example of wired at used key on wake up 
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RESET CIRCUIT 

The M37413M4HXXXFP is reset according to the sequence 
shown in Figure 18. It starts the program from the address 
formed by using the content of address 3FFF 16 as the high 
order address and the content of the address 3FFE 16 as the 
low order address, when the RESET pin is held at "L" level 
for no less than 16 us while the power voltage is between 
4 and 5.5V and the crystal oscillator oscillation is stable and 
then returned to "H" level. 

The internal initializations following reset are as shown in 
Figure 16 regardless of the status before reset (including 
stop mode or wait mode). 

An example of the reset circuit is shown in Figure 17. 
When the power on reset is used, the RESET pin must be 
input "H" after the oscillation of 

Xin'Xout becomes stable. 



oo 1( 



oo 1f 



oo 16 



00l 6 



oo 1f 



oo 1( 



oo ie 



Address 

(1) Port PO directional register (DO) (E1 16 ) 

(2) Port P1 directional register (D1) (E3 16 ) 

(3) Port P2 directional register (D2) (E5 16 ) 

(4) Port P3 directional register (D3) (E9 16 ) 

(5) Port P5 directional register (D5) (ED 16 ) 

(6) Port P6 directional register (D6) (D1 16 ) 

(7) Port P7 directional register (D7) (D3 16 ) 

(8) Interrupt request distinguish register 1 (IF1) (EB 16 ) 

(9) Interrupt request distinguish register 2 (IF2) (EA 16 ) 

(10) PWM control register (WC) (F3 16 ) 

(11) Serial I/O mode register (SM) (F6 16 ) 

(12) Timer 4, 5, 6 mode register (CM) (F8 16 ) 

(13) Interrupt control register (IM) (FE 16 ) 

(14) Timer control register (TC) (FF 16 ) 

(15) A-D control register (AC) (F2 16 ) 

(16) Processor status register 

(17) Program counter (PC H )" 

(PC L )- 

Note Since the contents of both registers other than those listed 

above (including timers, A-D control register and the serial I/O 
register) and the RAM are undefined at reset, it is necessary to 
set initial values 



00! 6 



00 16 



Contens of address 
3FFF 16 



Contens of address 
3FFE 16 




Fig. 17 Example of reset circuit 



Fig. 16 Internal state of microcomputer at reset 
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_f 



Internal RESET 



Data 




Reset address from 
the vector table 



32~48 clock cycles 



Note 1 : Frequency relation of f(X, N ) and 0 is f(X, N ) =16-0 
2 : The mark " ? " means that the address is change- 
able depending upon the previous state 



Fig. 18 Timing diagram at reset 
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I/O PORTS 

(1) PortPO 

Port PO is an 8-bit I/O port with CMOS outputs and 
pull-up transistor options available. As shown in Figure 
1, PO can be accessed as memory through zero page 
address 00E0 16 . Port PO's directional register allows 
each bit to be programmed individually as input or out- 
put. The directional register (zero page address 
00E1 16 ) can be programmed as input with "0", or as 
output with "1". When in the output mode, the data to 
be output is latched to the port register and output. 
When data is read from the output port, the output pin 
level is not read, only the latched data of the port reg- 
ister is read. Therefore, a previously output value can 
be read correctly even though the output voltage level 
has been shifted up or down. Port pins set as input are 
in the high impedance state so the signal level can be 
read. When data is written into the input port, the data 
is latched only to the output register and the pin still 
remains in the high impedance state. This port can be 
built in a pull-up resistor option when it is used as a in- 
put port. 

(2) PortPI 

Port P1 has the same function as PO but the output 
structure is N-ch open drain. This port can be built in a 
pull-up resistor option when it is used as a input port. 

(3) Port P2 

Port P2 has the same function as PO. The output struc- 
ture is CMOS outputs. This port can be built in a pull- 
up resistor option when it is used as a input port. Fol- 
lowing the execution of STP or WIT instruction, key 
matrix with port P2 can be used to generate the inter- 
rupt to bring the microcomputer back in its normal 
state. The pin to be used as the key on wake up must 
be with key on wake up option and its value in direc- 
tional register must be "0". 

(4) Port P3 

Port P3 has the same functions PO except that part of 
P3 is common with the serial I/O, output of timer4, 
clock oscillation of timer clock and interrupt input. 
The output is N-channel open drain. This port can be 
built in a pull-up resistor option. When P3 0 and P3 1 pins 
are used for X C in input, pull-up is 'nhibited. 

(5) Port P4 

Port P4 is an 8-bit input port. P4 0 ~P4 3 are in common 
with the IN 4 — IN 7 . This port can be built in a pull-up re- 
sistor option when it is used as a input port. 

(6) PortP5 

Port P5 has the same functions as PO except that part 
of P5 is common with the counter input pin, SIG pin, 
and PWM output pin. The output is N-channel open 
drain output. This port can bs built in a pull-up resistor 
option. 



(7) Port P6 

Port P6 has the same function as PO but the output 
structure is N-ch open drain. This port can be built in a 
pull-up resistor option. 

(8) PortP7 

Port P7 has the same function as PO. The output struc- 
ture is CMOS outputs. This port can be built in a pull- 
up resistor option when it is used as a input port. Fol- 
lowing the execution of STP or WIT instruction, key 
matrix with port P7 can be used to generate the inter- 
rupt to bring the microcomputer back in its normal 
state. The pin to be used as the key on wake up must 
be with key on wake up option and its value in direc- 
tional register must be "0". 

(9) Analog input(lN 0 ~IN 7 ) 

This is a port for an analog input of A-D converter. IN 4 
~IN 7 are in common with the P4 0 ~P4 3 . 

(10) INT! 

The INT! pin is an interrupt input pin. The IN^ inter- 
rupt request bit (bit 7 of address 00FE 16 ) is set to "1" 
when the input level of this pin changes from "H" to "L" 
(or "L" to "H"). This input level is read in the bit 7 of 
serial I/O mode register (address 00F6 16 ). 

(11) INT 2 (P3 2 /INT 2 ) 

The INT 2 pin is an interrupt input pin common with P3 2 . 
When P3 2 's directional register is set for input ("0") , 
this pin can be used as an interrupt input. The INT 2 in- 
terrupt request bit (bit 3 of address 00EB 16 ) is auto- 
matically set to "1" when the input level of this pin 
changes from "H" to "L" (or from "L" to "H"). 

(12) INT 3 (P5 0 /INT 3 ) 

The INT 3 pin is an interrupt input pin common with P5 0 . 
The other functions are the same as INT 2 . 
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Port PO 



Port P2, P7 



Data bus - 



I Directional Register I 



Port Latch 




V cc V cc 

Vss I J o .Jj Tr1 (mask option) 



— o 

Port PO 
CMOS output 



Tr1 is pull-up transistor at input (mask option) 



- | Port Latch""| - 



~] 3 Tr2(mask option) 

\ 

— o 




3~ 



Port P1 

N-ch open dram 



Tr2 is pull-up transistor at input (mask option) 



V cc V cc 



Directional Register 



Port Latch 



oJ Vcc 




mask option 
3 Tr3 

3 o 



3 



Port P2, P7 
CMOS output 



Interrupt control circuit - 
Tr3 is pull-up transistor (mask option) 



Port P3l P5 0 ~P5 3 



Data bus- 



Directional Register 



Port Latch 



4— <£F 



Internal circuit - 



Tr4 is pull-up transistor (mask option) 



< — ' 



Tr4 

mask option 

— o 



Port P3l P5 0 ~P5 3 
N-ch open drain 



Fig. 19 Block diagram of ports P0~P2, P3i, P5 0 ~P5 3 and P7 
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Port P3 0l P3 2 ~P3 7) 
P5 4 ~P5 7 , P6 



Directional 
register 



Port latch 



1 



i mask option 



Tr5 

— o 

Port P3 0) P3 2 ~P3 7) 
P5 4 ~P5 7 , P6 



Tr5 is pull-up transistor (mask option) 



Port P4 4 ~P4 7 



V CC 

Pi- 



Data bus 



Tr6 
mask option 

o 



Port P4 

Tr7 is pull-up transistor (mask option) 



Analog input IN 0 ~IN 3 



A-D converter circuit - 



ill 



-Q Analog input IN 



Analog input IN 4 ~IN 7 (P4 0 ~P4 3 ) 



V cc V cc 
IN/P4 selection .q- 



mask option 



A-D converter circuit - 



Data bus - 



LU 



mask option 



INTt 



Data bus - 



CPU interrupt control circuit - 



IN 4 ~IN 7 
(P4 0 ~P4 3 ) 



-o 

IN^ 



RESET 



o 



Fig. 20 Block diagram of ports P3 0 ,P3 2 ~P3 7 , P4, P5 4 ~P5 7 , P6, analog input port IN, INT^ RESET 
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CLOCK GENERATING CIRCUIT 

The M3741 3M4HXXXFP has two internal clock generators. 
Figure 23 shows a block diagram of the clock generator. 
Normally, the frequency applied to the clock input pin X iN 
divided by 16 is used as the internal clock (timing output) 
<f>. The internal clock <f> can be changed to 1/4 the frequen- 
cy applied to the clock input pin X !N or 1/2 the frequency 
applied to the clock input pin Xcin- 

When Xcin/2 is 
selected, the pull-up option to P3 0> P3i pins are inhibited. 
These signals can be changed via bit5 (AC 5 ) and bit6 
(AC 6 ) of the A-D control register. When AC 6 and AC 5 are 
[00], the internal clock is chosen X !N /16. When they are 
[01] , the internal clock is chosen X, N /4. When they are 
[10] and [11] , the internal clock is X C i N /2. The one of 
clock X| N and clock X ctN , isn't in use for the internal clock 
(none system clock), stops when the bit6 (SM 6 ) of serial 
I/O mode register is "0". In order to restart the clock as the 
internal clock, SM 6 is set to "1" and wait until the oscillation 
becomes stability by the software then the internal clock is 
chosen AC 6 and AC 5 . 

The M3741 3M4HXXXFP has two low power consumption 
modes, stop and wait. The microcomputer enters a stop 
mode when the STP instruction is executed. The oscillator 
(both X| N clock and X C | N clock) stops with the internal 
clock 0 held at "H" level. In this case timer 1 and timer 2 
are forcibly connected and 0/4 is selected as timer 1 input. 
When restarting oscillation, the internal clock 0 is held "H" 
until timer 2 overflows and is not supplied to the CPU. So 
set the suitable value for timer 1 and timer 2 in order to en- 
able the oscillator to stabilize. Before executing the STP in- 
struction, the timer 1 count stop bit (IF2 7 ) must be set to 
supply ("0"), timer 2 interrupt enable bit (IF1 4 ) of interrupt 
request distinguish register 1 must be set to enable ("1"), 
timer 2 interrupt request bit (IF1 5 ) of interrupt request dis- 
tinguish register 1 must be set to "0". And serial I/O or tim- 
er 2 interrupt enable bit (TC 6 ) and serial I/O or timer 2 in- 
terrupt request bit (TC 7 ) of timer control register must be 
set to "0". 

Oscillation is restarted (reset stop mode) when an external 
interrupt is received. The interrupt enable bit of the inter- 
rupt used to reset the stop mode must be set to "1". 
The microcomputer enters a wait mode when WIT instruc- 
tion is executed. The internal clock 0 stops at "H" level, but 
the oscillator does not stop. 0 is re-supplied (wait mode 
reset) when it receives an external interrupt or internal tim- 
er interrupt. Instructions can be executed immediately be- 
cause the oscillator is not stopped. The interrupt enable bit 
of the interrupt used to reset the wait mode must be set to 
"1" before executing the WIT instruction. 
When the interrupt is accepted and after the interrupt sub- 
routine is executed, the next instruction to STP or WIT is 
executed. It is possible to cancel stop and wait mode by 
reset. In this case, the execution is started from the 
address is set to reset vector. 



Transition of states for the system clock is shown in Figure 
24. The change order of the internal clock is shown in Fi- 
gure 24. 

When STP instruction is executed from the states of A, B, 
C, D and E, it will be the same state as H (stop state). If 
the interrupt is executed in stop state, it will return the state 
before STP instruction is executed. 

Figure 21 shows a circuit example using a ceramic (or 
crystal) oscillator. Use the manufacturer's recommended 
values for constants such as capacitance which is unique 
for each oscillator. There are slight differences in constants 
in the M3741 3M4HXXXFP and M3741 3M6HXXXFP. If using 
one of these chips in applications such as high-precision 
clocks, ask the resonator manufacturer for measurements of 
these constants. When using an external clock signal, input 
from the X| N (X C in) pin and leave the X OU t(X C out) pin open. 
A circuit example is shown in Figure 22. 



M3741 3M4HXXXFP 

Xin Xqut Xqin Xcqut 



777" 




Fig. 21 External ceramic resonator circuit 



M3741 3M4HXXXFP 

Xin Xqut Xcin X C out 



28 f 29 23 f 24 

External °P en External 
oscillating oscillating 
circuit circuit or 

external pulses 

V C Jiruinj li 



Fig. 22 External clock input circuit 
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IF2 7 



Kit 



Unsystem clock 
operation SM 6 
SM 6 
AC 6 



Q S 



_ STP 

instruction 



1/4 



Internal system 
clock source 
selection 
AC 5> AC 6 



Timer 1 
count source 
selection TC 2 



Timer2 



Timing <t> 
(Internal Clock) 



Reset 



STP instruction 




K3 



INT, interrupt enable 
NT, interrupt request 

Serial I/O or timer2 interrupt enable 
Serial I/O or timer2 interrupt request 

INT 3 or key on wake up interrupt enable 
INT3 or key on wake up interrupt request 

INT 2 or timer3 interrupt enable 
INT 2 or timer3 interrupt request 

Timer6 or A-D interrupt enable 
Timer6 or A-D interrupt request 



Fig. 23 Block diagram of clock generating circuit 
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WIT 

instruction 



8MHz oscillation 
32kHz stop 

<\>— stop 
Timers action 



SM 5 =0 
SM 6 =0 
AC a =0 
,AC 6 =0 



Interrupt 




SM 5 ="0"^"1" 
SM 6 ="0"— "1" 



WIT B 
instruction 



8MHz stop 
32kHz oscillation 

0=stop 
Timers action 



Interrupt 



AC 5 ="1"^"0" 



AC 5 ="0"-"1" 
. STP instruction STP instruction 







Interrupt 



SM 5 ="0"— "1" 
SM 6 ='*0"-"1" 



Interrupt // \\ Interrupt 

STP instruction STP instruction N 




WIT 

instruction 



Interrupt 



8MHz oscillation 
32kHz stop 
0=stop 
Timers action 



SM 5 ="1"-"0" 
SM 6 ="1"-"0" 



WIT 

instruction 




Interrupt 



8MHz oscillation 
32kHz oscillation 

<t> stop 
Timers action 



Interrupt 



Interrupt 



Clock mode 
32kHz oscillation 

<t> stop 
Timer action 



WIT 

instruction 



Interrupt 



SM 6 ="1"^"0" 



Low-speed 

mode 
8MHz stop 

32kHz oscillation 
0=16kHz 



STP 

instruction 



H 



Interrupt 



8MHz stop 
32kHz stop 
<t> stop 



The case of example clock X| N =8MHz, clock XciN = 32kHz. 0 is internal clock 

Note : When a stop mode is canceled, wait time occurs automatically by connection of timers 1 and 2 This time can be set by program. 

When SM 6 =1, unsystem clock is operated and system clock is changed, wait time necessary by program until oscillation becomes stable 

Return to the normal mode once in case changed to the low-speed mode from the normal mode 

Also return to the high-speed mode once in case changed to the low-speed mode from the high-speed mode 

Transitions B-»E-*D and D-*E-+B are not possible 



Fig. 24 Transition of states for the system clock 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer is 1/(n+l). 

(2) The count value of timers 1, 2, 3, 4 can be read at an 
arbitrary timing when the timing <f> divided by 4 or timer 
overflow is input to these timers. If X C | N or CNTi input 
is input to these timers, the value of timer 1, 2, 3, 4 
must be read only when the input of timers is not 
changing or the timer count is stopped. 

Also the count value of timers 5, 6 which are used in 
the event counter mode must be read when the exter- 
nal input is at the "L" level. When timers 5, 6 are used 
in the timer mode, the count value of these timers can- 
not be read. 

(3) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program) , those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(4) © After the ADC and SBC instructions are executed (in 

decimal mode) , one instruction cycle (such as a 
NOP) is needed before the SEC, CLC, or CLD in- 
structions are executed. 
© In decimal mode, the negative (N), overflow (V) and 
zero (Z) flags are invalidated. 

(5) A NOP instruction must be used after the exection of a 
PLP instruction. 

(6) © The timer 1 and timer 2 must be set the necessary 

value immediately before the execution of a STP in- 
struction. 

Also the following conditions must be satisfied: 

• Timer 1 count stop bit is set to "0" 

• Timer 2 interrupt enable bit is set to "1" 

• Timer 2 interrupt request bit is set to "0" 

• Serial I/O or timer 2 interrupt enable bit is set to "0" 

• Serial I/O or timer 2 interrupt request bit is set to "0" 
© To restart oscillation when it is stopped by STP in- 
struction or unsystem clock operation bit, wait for a 
specified time which is needed for the oscillator to 
stabilize. 

© Connect I/O ports which are in input mode to V C c or 
GND to get less power supply current after execut- 
ing STP or WIT instruction. Connect P5 0 ~P5 3 to V C c 
or GND also in output mode. 

(7) Some instructions can be used to write contents of the 
interrupt request distinguish register 1, 2. If the SEB or 
CLB instruction or a set of instruction that acts as the 
SEB or CLB instruction (for instance, LDA TC+SEB 7, A 
+ STA TC) is used, an interrupt request which is input 
during execution of these instructions may be cleared. 
Therefore, these instructions should be used only when 
there is no problem even if such an interrupt request is 
cleared. Usually, the LDM instruction or STA instruction 



is used. Especially to write contents of the interrupt re- 
quest distinguish register 1, 2, use the flow chart as 
shown in Figure 26. 

(8) After switching the serial I/O transfer clock, initialize 
the serial I/O counter (write to address 00F7 16 ). 

(9) To use an external clock as the serial I/O transfer 
clock, initialize the serial I/O counter when the external 
clock is "H" level. 

(10) To use the P3 0 and PZ^ pins as the I/O pins of the 
clock for clock function, do not use the pull-up resistors 
by option. 

(11) If using the A-D converter, supply power to the V REF 
pin (set bits 3 and 4 of address 00F2 16 ), and make sure 
that the voltage of the V REF pin has stabilized before 
activating the A-D conversion. 



Interrupt 



Register push 




Interrupt process 



I 

Clear IF1 2 




Interrupt process 



Clear IF2 2 



Register pop 



Fig. 25 Flow to write interrupt request distinguish 
registers 
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DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 

(3) ROM data EPROM 3sets 

Write the following option on the mask ROM confirmation 
form 

• Port PO pull-up transistor bit 

• Port P1 pull-up transistor bit 

• Port P2 pull-up transistor bit 

• Port P3 pull-up transistor bit 

• Port P4 pull-up transistor bit 

• Port P5 pull-up transistor bit 

• Port P6 pull-up transistor bit 

• Port 97 pull-up transistor bit 

• Port P2 key on wake up 

• Port P7 key on wake up 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


nam lyo 


Unit 


V C c 


Supply voltage 




— 0. 3 7 




AVcc 


Analog supply voltage 


Vcc=AV cc 


—0. 3~ 7 


V 


V, 


Input voltage P0 0 ~P0 7 , P2 0 ~P2 7 , P3 0 , P3!, P4 0 ~P4 3 , 
P7 0 ~P7 7 , IN 0 ~IN 7 , V REF , X, n 




-0. 3~Vcc+0. 3 


V 


V, 


Input voltage CNV S s 




-0. 3~ 7 


V 


V, 


Input voltage INT 1( RESET, P1 0 ~P1 7 , P3 2 ~P3 7 , 
P5 0 ~P5 7 , P6 0 ~P6 7 (Note 1) 




-0. 3-10 


V 


V 0 


Output voltage P0 0 ~P0 7 , P2 0 ~P2 7 , P3 0 , P3 h 
P7 0 ~P7 7 , X OUT 




-0. 3~Vcc+0. 3 


V 


V 0 


Output voltage P1 0 ~P1 7 , P3 2 ~P3 7 , P5 0 ~P5 7 , P6 0 ~P6 7 (Note 1) 




-0.3-10 


V 


Pd 


Power dissipation 


T a = 25°C 


300 


mW 


Topr 


Operating temperature 




-20-75 


°C 


Tstg 


Storage temperature 




-40-125 


°C 



Note 1 : When these ports are built in a pull-up resistor option, the value is —0. 3~V C c+0. 3V 



RECOMMENDED OPERATING CONDITIONS (V CC =2.5~5.5V, V ss =0V, T a =-20~75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm. 


Typ 


Max 


Vcc 


Supply voltage (Note 1 ) 


f(X| N )= 8 MHz High-speed mode 


4.5 




5.5 


V 


f(X| N )= 8 MHz Normal mode or 

f(X, N )= 2 MHz High-speed mode (Note 2 ) 


2.5 




5.5 


V S s 


Supply voltage 






0 




V 


V, H 


"H" input voltage P0 0 ~P0 7> P3 0 , P4 0 ~P4 7 , 
CNVss (Note 3 ) 




0. 7V CC 




Vcc/ 


V 


V,H 


"H" input voltage P2 0 ~P2 7 




0. 8V CC 




Vcc 


V 


V IH 


"H" input voltage P1 0 ~P1 7 , PS^PSa P6 0 ~P6 7 , S )N 




0. 7V CC 




10 


V 


V IH 


"H" input voltage P3 2 ~P3 7 , P5 0 , INTi, INT 2> INT 3 , 

CNTl cnt 2 , sig, clk 




0. 8Vp C 




10 


V 


V IH 


"H" input voltage RESET, X| N , X C in 




0. 85V CC 




Vcc 


V 


V 1L 


"L" input voltage P0 0 ~P0 7 , P1 0 ~P1 7 , P3 0 , P3i, 

P4 0 ~P4 3> P5 1 ~P5 7 , P6 0 ~P6 7> Sin 




0 




0. 25V CC 


V 


V IL 


"L" input voltage P2 0 ~P2 7 , P3 2 ~P3 7 , P5 0 , INT,, 

INT 2 , INT 3 , CNTl CNT 2 , SIG, CLK 




0 




0. 2V CC 


V 


V, L 


"L" input voltage RESET, X| N , X C in 




0 




0. 15V CC 


V 


'oh 


"H" output current P0 0 ~P0 7 , P2 0 ~P2 7 , P7 0 ~P7 7 , 
X OU T(Note4 ) 








-1 


mA 


l0L 


"L" output current POo~P0 7l P2 0 ~P2 7 , P3o~P3 7 , 
P5 0 ~P5 7 , P6 0 ~P6 7 , P7 0 ~P7 7 , 
X OU T(Note5 ) 








1 


mA 




"L" output current P1 0 ~P1 7 (Note 6 ) 


V CC =3V 






10 


mA 


V CC =5V 






20 


f(x 1N ) 


Clock oscillating frequency 




0.2 




8.2 


MHz 


f(X c , N ) 


Clock oscillating frequency for clock function 




30 




50 


kHz 



Note 1 '. When only maintaining the RAM data, minimum value of V C c is 2 V 

2 '. We say the high-speed mode, when the system clock is chosen X| N /4, and the low-speed mode, when the system clock is chosen X| N /16 

3 : When P3t is used as X C | N . V IH and V, L of P3i is 0 85V C c^V| H ^Vcc and 0^V IL ^0 15V CC 

4 ! The total loH(peak) of port P0, P2, P7 and X OU t is less than 35mA. 

5 : The total I 0 h( peak) of Port P0, P2, P3, P5, P6 and P7 is less than 32mA 

6 '. The total peak current of Iql of port P1 is less than 80mA and the average current of total I Q l of port P1 is less than 40mA 
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ELECTRICAL CHARACTERICS (V S s= 0 V, T a =-20~75 o C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 




Typ 


Max. 


Vqh 


"H" output voltage P0 0 ~P0 7 , P2 0 ~P2 7 , P7 0 -~P7 7 


V C c=5V, l O H=-0.5mA 


4 






V 


V C c=3V, l OH = -0. 3mA 


2. 4 






Voh 


"H" output voltage Xout 


V C c=5V, l OH = -0.3mA 


4 






V 


V C c=3V, l 0H = -0.1mA 


2.4 






Vol 


"L" output voltage P0 0 ~P0 7) P2 0 ~P2 7 , P3 0 ~P3 7l P5 0 ~P5 7) 
P6 0 ~P6 7l P7 0 ~P7 7l T, Sout, CLK, 
S^, SIG, PWM0-PWM3 


— c\/ 1 — 1mA 

»cc — ov . 'ol — 1 mA 






1 


V 


V CC =3V, l OL =0. 5mA 






u. 0 


Vol 


"L" output voltage P1 0 ~P1 7 


V C c=5V, l O L=20mA 






2 


V 


V C c=3V, l OL =10mA 






1.5 


Vol 


"L" output voltage Xout 


Vcc=5V, l OL =0. 3mA 






1 


V 


Vcc=3V, l OL =0.1mA 






0.6 


V t +-V t _ 


Hysteresis INT 1f INT 2> INT 3 , CLK, CNTi, CNT 2 , 
SIG, S, Nl P2 0 ~P2 7l P7 0 ~P7 7 , X C in 


V CC =5V 




0. 7 




V 


V cc =3v 




0. 5 




v T +-v T - 


Hysteresis RESET 


V CC =5V 




2 




V 


V CC =3V 




1 m 2 




v T +-v T _ 


Hysteresis X tN 


V CC =5V 




0. 5 




V 


V cc =3v 




0. 35 




I.L 


"L" input current {P0 o ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7 , P3 0 ~P3 7 , P4 0 ~P4 7 , 
P5 0 ~P5 7 , P6 0 ~P6 7 , P7 0 ~P7 7 ) without pull-up T r , 
(Note 1), INTi, RESET, X, N 


V C c=5V V,=0V 






—5 


juA 


V CC =3V V,=0V 






—3 


l|H 


"H" input current P0 0 ~P0 7 , P2 0 ~P2 7 , P3 0 , P3l 

P4 0 ~P4 7 , P7 0 ~P7 7 , X, N , Xcin, CNVss 


V CC =5V V,=5V 






5 


MA 


V CC =3V V,=3V 






3 


l,H 


"H" input current |P1 0 ~P17. P3 0 ~P3 7 , P5 0 ~P5 7 , P6 0 ~P6 7 ] 
without pull-up T r , INTi, RESET 


V,=10V 






10 


juA 


Rp L 


Pull-up T r P0 0 ~P0 7 , P1o~P1 7 . P2 0 ~P2 7 , 
P3 0 ~P3 7 , P4 0 ~P4 3 , P5 0 ~P5 7 


V CC =5V, V,=0V 


12 


25 


50 


kf2 


V CC =3V, V,=0V 


25 


50 


100 


•cc 


Supply current (Note 2) 


at operation 


f(X, N )=8MHz High-speed mode V CC =5V 




6 


12 


mA 


f(X, N )=8MHz Normal mode Vcc^M 




1 


4 


f(X C i N )=32kHz, V CC =3V 




18 


36 


M A 


at wait mode 


f(X IN )=8MHz, V CC =3V 






3 


mA 


f(X C iN)=32kHz, V CC =3V 




4 


12 


mA 


at stop mode 


T a =25°C 




0.1 


1.0 


T a =75°C 






6.0 


Vram 


RAM retention voltage 




2 




5.5 


V 



Note 1 : Also the same when each port is used as INT 2 , INT 3 , CNT^ CNT 2 , SIG, S, N and X C | N , respectively. 
2 '. I/O ports or input ports are connected to V cc Output ports are opened 
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A-D CONVERTER CHARACTERISTICS (V CC =5V, V SS =AV SS = 0 V, T a =25°C, f(X, N )= 8 MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max. 




Resolution 








8 


bits 




Non-linearity error 


V CC =V REF =5.12V 






±2 


LSB 


V CC =V RE F=3. 072V 






±2 




Differential non-linearity 


V CC =V REF =5.12V 






±0.9 


LSB 


V C c=Vref=3. 072V 






±0.9 


Vox 


Zero transition error 


Vcc=V REF =5.12V 






2 


LSB 


V C c=V REF =3. 072V 






2 


V FST 


Full-scale transition error 


V C c=V REF =5.12V 






6 


LSB 


Vcc=V REF =3. 072V 






10 


T C 


Conversion time 


Vcc == 2. 5~5. 5V High-speed mode 




200/f(X, N ) 




US 


V cc =2. 5~5. 5V Normal mode 




800/f(X, N ) 




Iref 


Reference input current 


V REF =5V 




1.0 


2.5 


mA 


V REF =3V 




0.5 


1.5 


l,N 


Analog port input current 


V| N =0~Vcc 




1 


10 


M A 


v IN 


Analog input voltage 


V cc =2. 5-5. 5V 


AV SS 




Vcc 


V 


V REF 


Reference input voltage 




2.5 




Vcc 


V 
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DESCRIPTION 

The M37414M5-XXXFP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
72-pin plastic molded QFP. 

This single-chip microcomputer is useful for household ap- 
pliance and other consumer applications. 
In addition to its simple instruction set, the ROM, RAM, and 
I/O addresses are placed on the same memory map to en- 
able easy programming. 

FEATURES 

• Number of basic instructions 69 

• Memory size ROM 10240 bytes 

RAM 160 bytes 

• Instruction execution time 

2//s (minimum instructions at 4MHz frequency) 

• Single power supply f(X, N )=4MHz 5V±10% 

• Power dissipation 

normal operation mode (at 4MHz frequency) •••• 15mW 

• Subroutine nesting 80 levels (Max.) 

• Interrupt 7 types, 5 vectors 

• 8-bit timer 4 

• Programmable I/O ports 

(Ports P0, P1, P2, P3, P4, P7) 46 

• Input port (Port P5) 8 

• Output port (Port P6) 5 

• Serial I/O (8-bit) 1 

• A-D converter (8-bit resolution) 8 channels 

• D-A converter (5-bit resolution) 1 channels 

• 8-bit PWM function 

• Watchdog timer 



PIN CONFIGURATION (TOP VIEW) 



P2 7 
P2 6 
P2 5 
P2 4 
P2 3 
P2 2 
P2i 
V ss 
P2 0 
Vcc 
AV SS 
V REF 
D-A 
PWM 
P6 4 



^[58 



o o o o 
Q. 0. a. Q. 

11 1 I 

[57||56||55lf54H 



tlOIONNf)^inOi-Nr)^Bl(ONO 

DOOON.r-NN-r-T-1-T-i-T-r-T-m 
LQ.Q.Q.Q.Q.Q.Q.Q.Q.CLQ.Q.Q.Q.Q.0. 

lltlltlltllttltt! 

liipillillfsoll^^ |40|[39||38|[37] 



[67 



-El 



o 



M37414M5-XXXFP 



36]- 
34]*- 



P o 



o 



P5i 

P5 2 
P5 3 

- P5 4 /ED 4 

- P5 5 /ED 5 

- P5 6 /ED 6 

- P5 7 /ED 7 
V ss 

y ^OUT 



1 1 H 2 H 3 \ 4 l[5][6j[7][8jl9j^^ 

unit it t tun ii it til 
iiiiitii £££^$ 



Outline 72P6 



■ RESET 
CNV SS 

■ INT! 
'P3 0 



APPLICATION 

VCR, Tuner, Audio-visual equipment 
Office automation equipment 
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M37414M5-XXXFP BLOCK DIAGRAM 



7> 



12: 



P7(6) 



Clock Clock Timing 
input output output 

X|N X 0 UT ~ <f> 
(26) (27) (§) 



Interrupt input 
INtT 

dl 



Reset mput 
RESET 



? — T 



V ss CNV S < 
-— <§)(§) (24)- 



Clock generating circuit 



Watchdog timer 



TV 



Processor 
status register 

PS(8) 



Program 
counter 
PC H (8) 



8-bit 



12. 



Program 
counter 

PC L (8) 



12 



Stack 
pointer 

S(8) 



P6(4) 




1. 



Prescaler 
PRE12(8) 







Prescaler 




Timer 3 


PRE3(8) 




T3(8) 



A- 



Prescaler 
PREX(8) 

1 Ch 




Timer X 
TX(8) 



TV 



1Z 



P2(8) 



TV 



P1(8) 



1Z 



P0(8) 



JJj V — ' 

— @®®®@®7 @(1XM^ - Hg@@@@^ 

Output pyvM A V RE ^ Vss Input port P5 I/O port P4 I/O port P3 I/O port P2 I/O port P1 I/O port PO 

port P6 



Reference 
voltage input 



z 
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FUNCTIONS OF M37414M5-XXXFP 



Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


2/us (minimum instructions, at 4MHz frequency) 


Clock frequency 


4MHz 


Memory size 


ROM 


10240 bytes 


RAM 


160bytes 


Input/Output port 




Input 


1-bitX1 


PO, P1, P2, P3, P4 


I/O 


8-bitX5 (a part of P3 is in common with serial I/O, timer I/O, and interrupt input) 


P5 


Input 


8-bitX1 


P6 


Output 


5-bitX1 (a part of P6 is in common with external trigger output pin) 


P7 


I/O 


6-bitX1 


Serial I/O 


8-bitXl 


Timers 


8-bit prescalerX3+8-bit timerX4 


A-D converter 


8-bitX1 (8 channels) 


D-A converter 


5-bitX1 


Pulse width modulator 


8-bitX1 


Watchdog timer 


15-bitX1 


Subroutine nesting 


80 levels (max) 


Interrupt 


Two external interrupts, three internal timer interrupts 


Clock generating circuit 


Built-in (ceramic or quartz crystal oscillator) 


Supply voltage 


5V±10% 


Power dissipation 


at high-speed operation 


15mW (at 4MHz frequency) 


Input/Output characteristics 


Input/Output voltage 


12V (Ports P3, P4, P5, P6, P7 0 , P7 U INTO 


Output current 


5mA (Ports PO, P1, P2, P3, P4, P7) 


Memory expansion 


Possible 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate process 


Package 


72-pin plastic molded QFP 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc. 
V ss 


Supply voltage 




Power supply inputs 5Vdi10% to Vcci an d to Vss 


CNVss 


CNVss 




This is usually connected to V S s 


RESET 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2ms (under normal V C c 
conditions)' If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time 




Clock input 


Input 


This chip has an internal clock generating circuit To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xin and Xout pins If an external clock is used, the clock 
source should be connected the Xin pm and the Xout P'n should be left open 


XoUT 


Clock output 


Output 




Timing output 


Output 


This is the timing output pin 


INT-) 


Interrupt input 


Input 


This is the highest order interrupt input pin » 


AV SS 


Voltage input for A-D 
and D-A 




This is GND input pin for the A-D and D-A converters 


Vref 


Reference voltage 
input 


Input 


This is reference voltage input pin for the A-D and D-A converters 


D-A 


D-A output 


Output 


This is output pin from the D-A converter 


PWM 


PWM output 


Output 


This is output pin from the pulse width modulator 
The output structure is N-channel open drain 


P0 0 ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional register allowing each I/O bit to be individually programmed as 
input or output At reset, this port is set to input mode 
The output structure is CMOS output 


P1 0 ~P17 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO 
The output structure is CMOS output 


P2 0 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO 
The output structure is CMOS output 


P3 0 ~P3 7 


I/O port P3 


I/O 


, Port P3 is an 8-bit I/O port and has basically the same functions as port PO 
When serial I/O is used, P3 7 , P3 6 , P3 5 and P3 4 work as S RD y. CLK, S 0 ut and S| N pins, respectively 
Also P33 and P32 work as CNTR pin and the lowest interrupt input pin (INT2) , respectively. 
The output structure is N-channel open drain 


P4 0 ~P4 7 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port and has basically the same functions as port PO 
P4 , o'""^ P4-7 work 3S 3fi3lOQ input port ANo'^ANy 
The output structure is N-channel open drain 


P5 0 ~P5 7 


Input port P5 


Input 


Port P5 is an 8-bit input port P54~P5 7 can be used as the edge sense inputs 


P6 0 ~P6 4 


Output port P6 


Output 


Port P6 is an 5-bit output port At external trigger output mode, P6 0 and are in common with the trigger 
input pin (T) and the trigger output pin (Q), respectively. 
The output structure is N-channel open drain 


P7 0 ~P7 5 


I/O port P7 


* I/O 


Port P7 is an 6-bit I/O port and has basically the same functions as port PO 

The output structure of P7 0 , P7i is N-channel open drain, and the output structure of P7 2 ~P7 5 is CMOS 
output 
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FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 

The M37414 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 

Timer Control Register 

The timer control register is allocated to address 00FF 16 . 
Bits 0 and 1 of this register are processor mode bits. This 
register also has a stack page selection bit. 



7 o 

I I I I I I I I I Timer control register (Address 00FF 16 ) 

' — ' — Processor mode bit 

00 Single-chip mode 

01 Memory expanding mode 

10 : Microprocessor mode 

11 ! Eva-chip mode 

— ' Timer X mode bit 

00 : Timer mode 

01 : Pulse output mode 

10 I Event counter mode 

11 I Pulse width measurement mode 

' Stack page bit 

0 : 0 page 

1 : 1 page 

' Timer X count stop bit 

0 : Count start 

1 : Count stop 

Timer X interrupt enable bit 

0 : Interrupt disable 

1 : Interrupt enable 

Timer X interrupt request bit 

0 : No mterrpt request 

1 : With interrupt request 



Fig.1 Structure of timer control register 
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MEMORY 

• Special Function Register (SFR) Area 

The special function register (SFR') area contains the reg- 
isters relating to functions such as I/O ports and timers. 

• RAM 

RAM is used for data storage as well as a stack area. 

• ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 



• Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 

• Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

• Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 



RAM 
(160 bytes) 



0000 ie 



009F 1( 



ROM 
(10240 bytes) 



00E0 1f 
00FF 1£ 



D800 16 



FFF4 1€ 



FFFF 1€ 



SFR area 



Not used 



Interrupt vector area 



Zero page 



Special 

page 
for 
subroutine 

call 



Fig.2 Memory map 
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00E0 16 


Port PO 


0OFO 16 


D-A conversion register 




00E1 16 


Port PO directional register 


00F1 16 


Pulse width modulation register 




00E2 16 


Port P1 


00F2 16 


Successive approximation register 




00E3 16 


Port P1 directional register 


00F3 16 


A-D control register 




00E4 16 


Port P2 


00F4 16 


Watchdog timer 




00E5 16 


Port P2 directional register 


00F5 16 


Serial I/O mode register 




O0E6 16 


Port P7 


00F6 16 


Serial I/O register 




00E7 16 


Port P7 directional register 


00F7 16 


Timer 3 prescaler 




00E8 16 


Port P3 


00F8 16 






00E9 16 


Port P3 directional register 


00F9 16 


Timer 1, 2 prescaler 




00EA 16 


Port P4 


00FA 16 


Timer 1 




00EB 16 


Port P4 directional register 


00FB 16 


Timer 2 




00EC 16 


Port P5 


00FC 16 


Timer X prescaler 




00ED 16 


Port P5 latch 


00FD 16 


Timer X 




00EE 16 


Port P6 


00FE 16 


Interrupt control register 




00EF 16 


Special function selection register 


00FF 16 


Timer control register 













Fig. 3 SFR (Special Function Register) memory map 
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INTERRUPT 

The M37414M5-XXXFP can be interrupted from seven 
sources; INT-j, timer X, timer 1, timer 2/serial I/O, or INT 2 / 
BRK instruction. 

However, the INT 2 pin is used with port P3 2 and the corres- 
ponding directional register bit should be set to "0" when 
P3 2 is used as an interrupt input pin. 

The value of bit 2 of the serial I/O mode register (address 
00F6 16 ) determine whether the interrupt is from timer 2 or 
from serial I/O. When bit 2 is "0" the interrupt is from timer 
2, and when bit 2 is "1" the interrupt is from serial I/O. Also, 
when the bit 2 is "1", parts of port P3 are used for serial I/ 
O. These interrupts are vectored and their priorities are 
shown in Table 1. Reset is included in this table since it 
has the same functions as the interrupts. 
When an interrupt is accepted, the contents of certain reg- 

Table 1. Interrupt vector address and priority 



Interrupt 


Priority 


Vector address 


RESET 


1 


FFFF 16l FFFE 16 


Tnt7 


2 


FFFD 16> FFFC 16 


Timer X 


3 


FFFB 16> FFFA 16 


Timer 1 


4 


FFF9 16( FFF8 16 


Timer 2 or serial I/O 


5 


FFF7 16) FFF6 16 


INT 2 (BRK) 


6 


FFF5 16) FFF4 16 



isters are pushed into specified locations, the interrupt dis- 
able flag I is set, the program jumps to the address speci- 
fied by the interrupt vector, and the interrupt request bit is 
cleared automatically. The reset interrupt is the highest 
priority interrupt and can never be inhibited. Except for the 
reset interrupt, all interrupt are inhibited when the interrupt 
disable flag I is set to "1". All of the other interrupts can 
further be controlled individually via the interrupt control 
register shown in Figure 4. An interrupt is accepted when 
the interrupt enable bit and the interrupt request bit are 
both "1" and the interrupt disable flag is "0". 
The interrupt request bits are set when the following condi- 
tions occur: 

(1 ) When the INT^ or INT^ pins go from "H" to "L" 

(2) When the contents of timer X, timer 1, timer 2 (or the 
serial I/O counter) go to "0" 

These request bits can be reset by the program but can not 
be set by the program. However, the interrupt enable bit 
can be set and reset by the program. 
Since the BRK instruction and the INT 2 interrupt have the 
same vectored address, the contents of the B flag must be 
checked to determine if the BRK instruction caused the in- 
terrupt or if INT 2 generated the interrupt. 



Interrupt 
request 



rO 



I — Interrupt disable flag I 



' — Reset 



Interrupt control register (Address 00FE 16 ) 

Bit 7 : INTt pin interrupt request bit 

Bit 6 INTt pin interrupt enable bit 

Bit 5 .' Timer 1 interrupt request bit 

Bit 4 : Timer 1 interrupt enable bit 

Bit 3 : Timer 2 interrupt or serial I/O interrupt request bit 

Bit 2 : Timer 2 interrupt or serial I/O interrupt enable bit 

Bit 1 : INT 2 pin interrupt request bit 

BitO : INT 2 pin interrupt enable bit 



Timer control register (Address 00FF 16 ) 



Bit 7 : 
Bit 6 : 
Bit 5 : 
Bit 4 : 
Bit 3 
Bit 2 : 
Bit 1 
BitO 



Timer X interrupt request bit 
Timer X interrupt enable bit 
Timer X count stop bit 
Stack page bit 

[Timer X mode bit 
[ Processor mode bit 



Flg.4 Interrupt control 
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TIMER 

The M37414M5-XXXFP has three timers; timer X, timer 1, 
timer 2 and timer 3. Since P3 (in serial I/O mode) and tim- 
er 2 use some of the same architecture, they cannot be 
used at the same time (see serial I/O section) . Timer X 
has four modes which can be selected by bit 2 and 3 of the 
timer control register. When the timer X count stop bit (bit 
5) is set to "1", the timer X will stop regardless of which 
mode it is in. A block diagram of timer X, timer 1, timer 2 
and timer 3 is shown in Figure 5. 

The P3 3 /CNTR pin cannot be used as CNTR when P3 3 is 
being used in the normal I/O mode. 

Timer 1 and timer 2 share with a prescaler. This prescaler 
has an 8-bit programmable latch used as a frequency di- 
vider. The division ratio is defined as 1/(n+1), where n is 
the decimal contents of the prescaler latch. All four timers 
are down-count timers which are reloaded from the timer 
latch following the zero cycle of the timer (i.e. the cycle af- 
ter the timer counts to zero). 

The timer interrupt request bit is set to "1" during the next 
clock pulse after the timer reaches zero. The interrupt and 
timer control registers are located at addresses 00FE 16 and 
00FF 16 , respectively (see Interrupt section). The prescaler 
latch and timer latch can be loaded with any number. 
The four modes of timer X as follows: 

(1 ) Timer mode (00] 

In this mode the clock is driven by the oscillator fre- 
quency divided by 16. When the timer down-counts to 
zero, the timer interrupt request bit is set to "1" and 
the contents of the timer's latch is reloaded into the 
timer and the counting begins again. 

(2) Pulse output mode (01) 

In this mode, the polarity of the CNTR signal is re- 
versed each time the timer down-counts to zero. 

(3) Event counter mode [10] 

This mode operates in the same manner as the timer 
mode except, the clock source is input to the CNTR 
pin. This mode will allow an interrupt to be generated 
whenever a specified number of external events have 
been generated. The timer down-counts every rising 
edge of the clock source. 

(4) Pulse width measurement mode [11] 

This mode measures the pulse width (between lows) 
input to the CNTR pin. The timer, driven by the oscilla- 
tor frequency divided by 16, continues counting during 
the low cycle of the CNTR pin. When the timer con- 
tents reaches "0",the interrupt request bit is set to "1", 
the timer's reload latch is reloaded and the counting 
resumes. 

The structure of the timer control register is shown in 
Figure 6. 

When the STP instruction is executed, or after reset, 
the prescaler and timer latch are set to FF 16 and 01 16l 
respectively. Also, when the STP instruction is ex- 



ecuted, the oscillator's frequency (divided by 16) will 
become the counting source, regardless of the timer X 
mode setting. This state will be released when the tim- 
er X interrupt request bit is set to "1", or after a reset. 
Timer X will then enter the mode specified by its mode 
bits. For more details on the STP instruction, refer to 
the oscillation circuit section. 

The function of timer 3 is as same as that of timer 1 
and timer 2, with the exception that the detection of its 
overflow is known by the overflow bit (bit 3 of address 
00EF 16 ). When the timer down-counts to zero, the over- 
flow bit is set to "1" and the contents of the timer's 
latch is reloaded into the timer. 
The reset of the overflow bit is made by; 

a) hard ware reset 

b) write "0" to overflow bit 

c) write instruction to timer 3 

The structure of special function selection register is 
shown in Figure 7. 
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Data bus 



Oscillator Divider 

|f(x, N )l — F7i? 



When STP instructions are r 



P3 3 /CNTR 

o— 



Timer mode L 
wid th m e 



Pulse width measurement 
mode 



executed, this circuit is [Prescaler latch (8) 
connected * 
coercively. 



Event counter mode 




Timer X latch (8) 



Prescaler (8) 



Timer X (8) 



Pulse output mode 



FF 16 L 



01 1 



Timer X count stop bit 
(Bit 5 at address 00FF 16 ) 



Toggle flip-flop I 



Reset, or 
STP 
instruction 



-to timer X interrupt request bit 



IPrescaler latch (8)| 



Data bus 



— ^ 1 

Timer 3 latch (8)1 



Prescaler (8) 



Timer3 (8) 









OF 



Timer 3 overflow bit 
(Bit 3 at address 00EF 16 ) 




Serial I/O mode register (Address 00F5 16 ) 



Fig.5 Block diagram of timer X, timer 1, timer 2, and timer 3 
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J Timer control register (Address 00FF 16 ) 



Processor mode bit 

00 '. Single-chip mode 

01 : Memory expanding mode 

10 Microprocessor mode 

11 : Eva-chip mode 
Timer X mode bit 

00 : Timer mode 

01 : Pulse output mode 

10 I Event counter mode 

11 .' Pulse width measurement mode 
Stack page bit 

0 : 0 page 

1 '■ 1 page 

Timer X count stop bit 

0 I Count start 

1 : Count stop 

Timer X interrupt enable bit 

0 : Interrupt disable 

1 : Interrupt enable 

Timer X interrupt request bit 

0 '. No interrupt request 

1 : With interrupt request 



El 



Special function selection register 
(Address 00EF 16 ) 



Timing output control bit 

0 : Timing <f> output 

1 : "L" level output 



External trigger mode selection bit (P6 0 , P6J 

0 : Normal output port 

1 : External trigger I/O port 



• Timer 3 overflow bit 

0 : No timer 3 overflow 

1 ' Timer 3 overflow 

Polarity of edge sence input selection bit 

0 : Detected by falling-edge 

1 : Detected by raising-edge 



Fig.7 Structure of special function selection register 



Fig.6 Structure of timer control register 



AMITSUBISt 
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SERIAL I/O 

A block diagram of the serial I/O is shown in Figure 8. 
In the serial I/O mode the receive ready signal (S RD y). syn- 
chronous input /output clock (CLK), and the serial I/O pins 
(Sout. S )N ) are used as P3 7) P3 6 , P3 5 , and P3 4 , respectively. 
The serial I/O mode register (address 00F5 16 ) is a 5-bit 
register. Bits 1 and 0 of this register is used to select a 
synchronous clock source. 

When these bits are [00] or [01] , an external clock from 
P3 6 is selected. When these bits are [10] , the overflow sig- 
nal from timer 2, divided by two, becomes the synchronous 
clock. Therefore, changing the timer period will change the 



transfer speed. When the bits are [11] , the oscillator fre- 
quency divided by 16, becomes the clock. 
Bit 2 to 4 decide whether parts of P3 will be used as a se- 
rial I/O or not. When bit 3 is "0" and bit 2 is "1", P3 6 be- 
comes an I/O pin of the synchronous clock. When an inter- 
nal synchronous clock is selected, the clock is output from 
P3 6 . If an external synchronous clock is selected, the clock 
is input to P3 6 and P3 5 will be a serial output and P3 4 will 
be a serial input. To use P3 4 as a serial input, set the direc- 
tional register bit which corresponds to P3 4 to "0". For more 
information on the directional register, refer to the I/O pin 
section. 



Oscillator Divider 



x IN Q-f(x lN : 



1/16 



S RDY y\ 
P3 7 Q <\ 



P3 e O 



P3 5 (> 



Squt 



P3 4 0 



0 



I. 



from timer 1, 2 
prescaler 

Divider 



Timer 2 (8) 



(Address 00FB 16 ) 




1/2 



Serial I/O counter 



Transfer clock 



* MSB Serial I/O register (8) LSB 

(Address 0OF6 16 ) Jj^ 
/ Data bus / 



5 




to timer 2 or 
serial I/O interrupt 
request bit 



Serial I/O mode register (Address 00F5 16 ) 



External clock 



Synchronous clock selection bit 

00 : 

01 : 

10 : Timer 2 overflow signal divided by 2 

11 ; Oscillation frequency divided by 16 

Serial I/O port selection bit (P3 5 , P3 6 ) 

00 : Normal I/O port 

01 : Serial I/O port 

10 : ] 



11 



Not used 



Srdy signal output selection bit (P3 7 ) 

0 : Normal I/O port 

1 Srdy signal output pin 



Fig.8 Block diagram of serial I/O 
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To use the serial I/O, bit 3 and bit 2 need to be set to "01", 
if they are "00" P3 6 will function as a normal I/O. Interrupts 
will be generated from the serial I/O counter instead of 
timer 2. Bit 4 determines if P3 7 is used as an output pin for 
the receive data ready signal (bit 4=1, S RDY ) or used as 
normal I/O pin (bit 4=0). The serial I/O function is discus- 
sed below. The function of the serial I/O differs depending 
on the clock source; external clock or internal clock. 
Internal clock — The S RDY signal becomes "H" during trans- 
mission or while dummy data is stored in the serial I/O reg- 
ister (address 00F7 16 ) . After the falling edge of the write 
signal, the S RDY signal becomes low signaling that the 
M37414M5-XXXFP is ready to receive the external serial 
data. The S RDY signal goes "H" at the next falling edge of 
the transfer clock. The serial I/O counter is set to 7 when 
data is stored in the serial I/O register. At each falling 



edge of the transfer clock, serial data is output to P3 5 . Dur- 
ing the rising edge of this clock, data can be input from P3 4 
and the data in the serial I/O register will be shifted 1 bit. 
Data is output starting with the LSB. After the transfer clock 
has counted 8 times, the serial I/O register will be empty 
and the transfer clock will remain at a high level. At this 
time the interrpt request bit will be set. 
External clock— If an external clock is used, the interrupt 
request will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 
Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
500kHz at a duty cycle of 50% . The timing diagram is 
shown in Figure 9. An example of communication between 
two M3741 4M5-XXXFPs is shown in Figure 10. 



Synchronous clock 



Transfer clock 



Serial I/O register 
write signal 

Serial I/O output 

S 0 UT 

Serial I/O input 
S, N 

Receivable signal 
Srdy 



u~iJTjn_jij _ Ln_n_r 



ji 



ixrrixii 



Interrupt request bit set 



Fig.9 Serial I/O timing 



Sending side 



Receiving side 



Serial I/O mode register 
bit 4 bitO 



0 


0 


1 


1 


0 



Set the directional 
register for P3 7 pin 
in input mode 



P3 7 



P3 e 



P3 5 



Synchronous clock 



Serial I/O mode register 



P3 7 



P3 6 



P3 4 



bit 4 



bitO 



1 


0 


1 


0 


X 



Set the directional 
register for P3 4 pin 
in input mode 



Fig.TO Example of serial I/O connection 
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A-D CONVERTER 

An 8-bit successive approximation method of A-D conver- 
sion is employed providing a precision of ±3LSB. A block 
diagram of the A-D convertor is shown in Figure 11. Con- 
version is automatic once it is started with the program. 
The eight analog inputs are used in common with pins P4 7 
~ P4 0 of port 4. Bits 1 and 0 of the A-D control register 
(address 00F3 16 ) are used to select which pins are used 
for A-D conversion. The input condition is accomplished by 
setting to "0" the bit in the directional register that corres- 
ponds to the pin where A-D conversion is to take place. Bit 
4 of the A-D control register is the A-D conversion end bit. 
During A-D conversion, this bit is "0", and upon completion 
becomes "1" Thus, it can be ascertained whether or not A- 
D conversion has been completed or not by inspecting this 
bit. The relation between the contents of the A-D control 
register and the selection of input pins are shown in Figure 
12. 

The results of the conversion can be found be reading the 
contents of the successive approximation register address 
00F2 16 which stores the results of the conversion. The proc- 
edure for executing A-D conversion is next explained. First- 
ly, the pin that is to be used for the A-D conversion is 
selected by setting bit 1 and bit 0 of the A-D control regis- 
ter. Next, the successive approximation is written to upon 
which the A-D conversion starts. Since actual data is not 
written to the successive approximation, any type of may be 



written. Simultaneous with its being written, the A-D con- 
version end bit (bit 4 of address 0QF3 16 ) is cleared to "0" 
signifying that A-D conversion operations are being con-* 
ducted. A-D conversion completes after 198 clock cycles 
upon which the A-D conversion end bit is set to "1" and the 
results of the conversion can be found in the successive 
approximation register. Since the comparator consists of 
the capacitive coupled configuration, f(X, N ) is needed lar- 
ger than 1MHz during A-D conversion. 



A-D control register (Address 00F3 16 



- Analog input selection bit 
0 0 0 : P4 0 /AN 0 
0 0 1: P4 1 /AN 1 
0 1 0 : P4 2 /AN 2 

0 11: P4 3 /AN 3 
10 0: P4 4 /AN 4 

1 0 1 : P4 5 /AN 5 
110: P4 6 /AN 6 
111: P4 7 /AN 7 

■ A-D conversion end bit 

0 : A-D conversion in progress 

1 : A-D conversion completed 



Fig. 12 Structure of A-D control register 
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Vref 
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control circuit 



Successive approximation register 
(Address 00F2 16 ) 
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A-D 
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Fig. 11 Block diagram of A-D converter 
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D-A CONVERTER 

The R-2R method is used for D-A conversion. The block di- 
agram is shown in Figure 13. An analog voltage is output 
that corresponds to the contents of the D-A conversion reg- 
ister (address 00F0 16 ) . Ideally, the relation of the analog 



output voltage V and the contents (n) of the D-A conversion 
register is V=V REF X n/32(n=0~31 ). 
Reset operation clears the content n of the D-A conversion 
register to 0 16 - 



R-2R ladder 



TV 



-=»0 D-A 



D-A conversion register (Address 00F0 16 ) 



Data bus 



Fig. 13 Block diagram of D-A converter 
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PULSE WIDTH MODULATOR 

The pulse width modulation register (address 00F1 16 ) is 
configured of an 8-bit counter. The period of repetition is 
4080 clock cycles. With the content of the pulse width mod- 
ulation register m, the PWM pin becomes high-level for the 



period of 4080 X m/255 (m=0~255). Figure 14 shows that 
relationship. An N-channel open drain output is used for the 
PWM pin. 

Reset sets the content m of the pulse width modulation 
register to 00 16 . 



0 12 3 



-One period of 4080 clock cycles- 



f(X IN )/16 



m= 0 "L" 



m= 2 



m= 3 



m=254 



n. 



= 255 "H" 



253 254 0 1 2 3 4 
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._JL 
_TL 



r 



u 



Fig. 14 Relation between m and PWM output 
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WATCHDOG TIMER 

The watchdog timer provides the means to return to a reset 
condition when a program runs wild and the program will 
not run the normal loops. 

The watchdog timer (address 00F4 16 ) is a 15-bit counter. 
The watchdog timer counts 1/1 6th the output frequency of 
the oscillator. The watchdog timer is set to 7FFF 16 when a 
reset is accomplished a write operation has been made to 
it. As well as any of the instructions that generate a write 
signal, such as STA, LDM, and CLB, can be used to write 
data to the watchdog timer. An output of the most signifi- 
cant bits of the watchdog timer is input to the reset circuit. 
When 262144 clock cycles have been counted, the most 
significant bit becomes "0" and reset is carried out. When 
reset is carried out, the watchdog timer is set to 7FFF 16 and 
reset is released. The program then begins again from re- 
set vector address. Normally, the program is written so that 
a writing operation is made to the watchdog timer prior to 
the most significant bit's becoming "0" . Application of a 
-f10V to the RESET pin will disable the watchdog timer 
function. 

Since execution of the STP instruction causes both the 
clock and the watchdog timer to stop, an option is offered 
where the STP instruciotn can be disabled. 



RESET CIRCUIT 

The M37414M5-XXXFP is reset according to the sequence 
shown in Figure 15. It starts the program from the address 
formed by using the content of address FFFF 16 as the high 
order address and the content of the address FFFF 16 as the 
low order address, when the RESET pin is held at "L" level 
for more than 2/us while the power voltage is in the recom- 
mended operating condition and the crystal oscillator 
oscillation is stable and then returned to "H" level. The in- 
ternal initializations following reset are shown in Figure 16 
An example of the reset circuit is shown in Figure 17. 
When the power on reset is used, the RESET pin must be 
held "L" until the oscillation of X, n -X 0 ut becomes stable. 



«*"> jmir 



RESET 

SYNC 
Address 

Data 



..jipuuuir 

. r _rijnj~LJijnjTJTjnjnj" 



8 — 12 clock cycles 



J 1 




Reset address from the 
vector table 



Note 1 : Frequency relation of f(X, N ) and 0is f(X IN ) =4*0 

2 : The mark " f " means that the address is changeable 
depending on the previous state 



Fig.15 Timing diagram at reset 
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(1 ) Port PO directional register 

(2) Port P1 directional register 

(3) Port P2 directional register 

(4) Port P3 directional register 

(5) Port P4 directional register 

(6) Port P6 

(7) Port P7 directional register 

(8) Special function selection 
register 

(9) D-A conversion register 

(10) Pulse width modulation 
register 

(11) Watchdog timer 

(12) Serial I/O mode register 

(13) PrescalerX 

(14) Timer X 

(15) Interrupt control register 

(16) Timer control register 

(17) Interrupt disable flag on 
processor status register 

(18) Program counter 



Address 

( E 1 16 ) 

( E3 16 ) 

( E5 16 ) 

( E9 16 ) 

( EB 16 ) 

( EE 16 ) 

( E6 16 ) 

( EF 16 ) 

( F0 16 ) 

( F 1 16 ) 

( F4 16 ) 

( F5 16 ) 

( 1 FC 16 ) 

( FD 16 ) 

( FE 16 ) 

( FF 16 ) 

( PS ) 

( PC H ) 

( PC L ) 



0 0 16 



0 0 16 



0 0 1 



0 0 16 



0 0 16 



11111 



0 0 0 0 0 0 



0 0 0 



0 0 0 0 0 



0 0,6 



7 FFF 16 



0 0 0 0 0 



F F 16 



0 1 16 



0 0 16 



0 0 16 



Contents of address 
FFFF 16 [ 



Contents of address 
FFFE 16 | 



Fig. 16 Internal state of microcomputer at reset 
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67 
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Supply voltage 
detection circuit 



Fig. 17 Example of reset circuit 
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I/O PORTS 

(1) PortPO 

Port PO is an 8-bit I/O port with CMOS output. 
As shown in the memory map (Figure 2), port PO can 
be accessed at zero page memory address 00E0 16 . 
Port PO has a directional register (address 00E1 16 ) 
which can be used to program each individual bit as 
input ("0") or as output ("1"). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 
Depending on the contents of the processor status reg- 
ister (bit 0 and bit 1 at address 00FF 16 ), four different 
modes can be selected; single-chip mode, memory ex- 
panding mode, microprocessor mode and eva-chip 
mode. These modes (excluding single-chip mode) 
have a multiplexed address output function in addition 
to the I/O function. For more details, see the processor 
mode information. 

(2) PortPI 

In the single-chip mode, port P1 has the same function 
as PO. In the other modes, P1's functions are slightly 
different from PO's. For more details, see the processor 
mode information. 

(3) PortP2 

In the single-chip mode, port P2 has the same function 
as PO. In the other modes, P2's functions are slightly 
different from PO's. 

For more details, see the processor mode information. 

(4) Port P3 

In the single-chip mode, port P3 has the same function 
as PO, but it has N-channel open drain output. In the 
other modes, P3's functions are slightly different from 
PO's. Port P3 can also be used as serial I/O, INT 2 and 
I/O pins for timer X. For more details, see the proces- 
sor mode information. 

(5) PortP4 

Port P4 has the same function as port PO in the single- 
chip mode, but it has N-channel open drain output. P4 7 
through P4 0 can also be used as analog input pins AN 7 
through AN 0 . 

(6) PortP5 

Port P5 is an input port. P5 4 through P5 7 can also be 
used as edge sence inputs. In such a case, reading is 
begun from 00ED 16 . 00ED 16 is provided with a latch 
which is set to "1" when the input changes from high- 
level to low-level. 



And for P5 7 , polarity of input edge can be selected by 
polarity of edge sense input selection bit (bit 7 of 
address 00EF 16 ). 

When this bit is set to "0", its latch is set to "1" at the 
input level goes to "L" from "H". When this bit is set to 
"1", its latch is set to "1" at the input level goes to "H" 
from "L". At the reset state, this bit is set to "0". 
When content of polarity of edge sense input selection 
bit was set by program, the latch (bit 7 of address 
00ED 16 ) must be reset once. 

The input pulse width must be at least 7 clock cycles 
wide. The latch is reset by using such instructions as 
LDM and CLB to write a "0" to the latch. When 00ED 16 
is read, the lower order 4 bits are always zero 
When port P5 is used as level sense input, read the 
contents of the address 00EC 16 

(7) Port P6 

Port P6 is a 5-bit output port. It has N-channel open 
drain output. P6 0 and P6 1 can be used as external trig- 
ger I/O pins, when external trigger mode selection bit 
(bit 2 of address 00EF 16 ) is set to "1". In this case, P6 0 
and P6i are trigger clock input pin and trigger output 
pin, respectively. Using external trigger mode, P6 0 's 
latch must be set to "1" in order to off the output tran- 
sistor. In external trigger mode, the content of P6^'s 
latch is output to pin when the rising or falling edge is 
input to P6 0 pin. 

When external trigger mode selection bit is set to "0", 
P6 0 and are normal output ports At the reset state, 
this bit is set to "0". 

(8) Port P7 

Port P7 is a 6-bit I/O port. In the single-chip mode, port 
P7 has the same function as P0, but P7 0 , P7^ have 
N-channel open drain output. 
See Figure 17 for more details. 

(9) Clock <f> output pin 

In normal conditions, the oscillator frequency divided 
by four is output as <j>. The timing output <f> is fixed "L" 
state when the timing output control bit (bit 1 of 
address 00EF 16 ) is set to "1". But in this case, except 
the timing output is active. The timing output $ is output 
again when the timing output control bit is set to "0". At 
reset state this bit is set to "0". 

(10) INT; pin 

The INTi pin is an interrupt input pin. The IN^ inter- 
rupt request bit (bit 7 at address 00FE 16 ) is set to "1" 
when the input level of this pin changes from "H" to 
"L". 

(11) INT^ pin (P3 2 /TnT2 pin) 

The INT 2 pin is an interrupt input pin used with P3 2 . To 
use this pin as an interrupt pin, set the corresponding 
bit in the directional register to input ("0"). When this 
signal level changes from "H" to "L", the interrupt re- 
quest bit (bit 1 at address 00FE 16 ) is set to "1". 
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(12) CNTR pin (P3 3 /CNTR pin) 

The P3 3 /CNTR pin is an I/O pin of timer X. To use this 
pin as the timer X input pin, set the corresponding 
directional register bit to input ("0"). In the event coun- 
ter mode, CNTR becomes the input pin of the external 



pulse. In the pulse output mode, the CNTR output 
changes polarity each time the contents of timer X 
goes to "0". In the pulse width measurement mode, the 
pulse to be measured is input to this pin. 



Ports P3, P4, P7 0 , P7, 



Data bus - 



Directional 
register 



Port latch 



N-channel open drain output 



-4 



-o 

Ports P3, P4, P7 0l P7i 



Ports P0, P1, P2, P7 2 ~P7 5 



Note 1 '. Port P3 can be also used as I/O pin of serial I/O, timer I/O, and interrupt input. 
Port P4 can be also used as analog input 



Data Bus 



Directional 
register 



Port latch 



*0- CMOS output 



Port P0, P1, P2, P7 2 ~P7 5 



Port P6 



Input 



-o 



Data bus 1 Port latch 



PWM 



Port P5 



N-channel open drain output 



| t-T - 
^1 



N-channel open drain output 

o 



Port P6 



n 



PWM 



t 



CMOS output 



Fig. 18 Block diagram of ports P0~P7 (single-chip mode) , and output format of 4>. 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 0 
and 1 at address 00FF 16 ) , four different operation modes 
can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip) mode. In the memory expanding mode, microp- 
rocessor mode and eva-chip mode, ports P0~P3 can be 
used as multiplexed I/O for address, data and control sig- 
nals, as well as the normal functions of the I/O ports. 
Figure 20 shows the functions of ports P0~P3. 
The memory map for the single-chip mode is illustrated in 
Figure 2 and for other modes, in Figure 19. 
By connecting CNV SS to V ss , all four modes can be 
selected through software by changing the processor mode 
bits. Connecting CNV SS to V cc automatically forces the 
microcomputer into microprocessor mode. Supplying 10V to 
CNV SS places the microcomputer in the eva-chip mode. 
The four different modes are explained as follows: 



FFFF 16 






















Internal ROM 












D800 16 










H 




0100 16 


\X\V\ 












00E8 16 


Timers, Port P3 












00E0 16 






Ports P0-P2 








00 Ad 6 















Internal RAM 












0000! 6 














Memory expanding 


Eva-chip 


Microprocessor 


mode 


mode 


mode 


Note 1 : The shaded area is external memory area 



Fig. 19 External memory area in processor mode 



(1) Single-chip mode [00] 

The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNV S s is con- 
nected to V ss - Ports P0~P3 will work as original I/O 
ports. 

(2) Memory expanding mode [01] 

The microcomputer will be placed in the memory ex- 
panding mode when CNV S s is connected to V S s and 
the processor mode bits are set to "01". This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 

In this mode, port P0 and port P1 are as a system 
address bus and the original I/O pin function is lost. P2 
becomes the data bus (D 7 ~D 0 ) and loses its normal I/ 
O functions. Pins P3! and P3 0 output the SYNC and R/ 
W control signals, respectively. 

(3) Microprocessor mode [10] 

After connecting CNV SS to V C c and initiating a reset, 
the microcomputer will automatically default to this 
mode. With the exceptions that the internal ROM is 
disabled and that external memory must be attached in 
this mode, this mode is the same as the memory ex- 
panding mode. 

(4) Eva-chip mode [11] 

When 10V is supplied to CNV SS pin, the microcomputer 
is forced into the eva-chip mode. The main purpose of 
this mode is to evaluate ROM programs prior to mask- 
ing them into the microcomputer's internal ROM. 
In this mode, the internal ROM is inhibited so the ex- 
ternal memory is requierd. 

The lower 8 bits of address data for port P0 is output 
when </> goes to "H" state. When <f> goes to the "L" 
state, P0 retains its original I/O functions. 
Port P1's higher 8 bits of address data are output when 
<f> goes to "H" state and as it changes back to the "L" 
state it retains its original I/O functions. Port P2 retains 
its original I/O functions while <t> is at the "H" state, and 
works as a data bus of D 7 ~D 0 (including instruction 
code) while at the "L" state. Pins 9^ and P3 0 output 
the SYNC and R/W control signals, respectively while 
<f> is in the "H" state. When in the "L" state, P3i and P3 0 
retain their original I/O function. 

The R/W output is used to read/write from/to the out- 
side. When this pin is in the "H" state, the CPU reads 
data, and when in the "L" state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 
"H" state when it fetches the OP CODE. 
The relationship between the input level of CNV S s and 
the processor mode is shown in Table 2. 
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CM-i 


0 


1 


0 


1 


CM 0 


0 


1 


i 


0 


\ Mode 
Port \ 


Single-chip mode 


Eva-chip mode 


Memory expanding mode 


Microprocessor 
mode 


Port PO 


ti i r 

Ports P0 7 ~P0 0 


d i r 

Ports P0 7 ~P0 0 


a i r 

Ports P0 7 ~P0 0 


Same as 
left 


I/O port 


"V Address y \T 

AA7~Ao A ,/uport A 


~\J Address \/"~ 

A A 7 ~A 0 A 








Port P1 


a i r 

Ports P1 7 ~P1 0 


a i r 

U 1 1 

Ports P1 7 ~P1 0 


a i r 

-J 1 1 

Ports P1 7 ~P1 0 


Same as 
left 


Y I/O Dort 

A 1/0 port 


"V Address V \/~ 

Aa 15 ~a 8 A 1/0 P A 


"V Address 
A A 15 ~A 8 A 








Port P2 


•J I I 

Ports P2 7 ~P2 0 


J I I 

Ports P2 7 ~P2 0 


d I I 

Ports P2 7 ~P2 0 


Same as 
left 


Y I/O port 


"^V/Oiitnut \/nata 
A Port A D 7 ~D 0 A 


~\ /Data V 

r \ D 7 ~D 0 /-- 








Port P3 


•j i r 

Ports P3 7 ~P3 0 


d i r 

Ports P3 7 ~P3 2 


j r 

Ports P3 7 ~P3 2 


Same as 
left 


I/O port 


I/O port 


""^ I/O port 




Port P3 1 

Y SYNC Y I/O port Y 
Port P3 0 


Port P3i 

X s ™ c X 

Port P3 0 

IX - )C 



Fig.20 Processor mode and functions of ports P0~P3 



Table 2. Relationship between CNV SS pin input level and processor mode 



CNVss 


Mode 


Explanation 


V SS 


• Single-chip mode 

• Memory expanding mode 

• Eva-chip mode 

• Microprocessor mode 


The single-chip mode is set by the reset 

All modes can be selected by changing the processor mode bit with the program 


Vcc 


• Eva-chip mode 

• Microprocessor mode 


The microprocessor mode is set by the reset 

Eva-chip mode can be also selected by changing the processor mode bit with the program 


10V 


• Eva-chip mode 


Eva-chip mode only 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
23. 

When the STP instruction is executed, the oscillation of in- 
ternal clock 0is stopped in the "H" state. 
Also, the prescaler X and timer X are loaded with FF 16 and 
01 16 , respectively. The oscillator (dividing by 16) is then 
connected to the prescaler input. This connection is 
cleared when timer X overflows or the reset is in, as dis- 
cussed in the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the internal clock 0 keeps its "H" level until timer 
X overflows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 
When the WIT instruction is executed, the internal clock <t> 
stops in the "H" level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 21. 
The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock usage is shown in Figure 22. 
X| N is the input, and Xqut is open. 




Fig.21 External ceramic resonator circuit 



M37414M5-XXXFP 


X 


IN X 0UT 


26' 


' 27 




Open 



External oscillating circuit 



ZITJW 



Fig.22 External clock input circuit 



Interrupt 
request 

Interrupt 
disable flag I 




STP instruction 
(option) 



S 0 —] 



WIT 
instruction 



S 0 



1/2 



0 S 



- STP instruction 
(option) 



Internal clock^ 



1/2 






1/8 


^ > 







Prescaler X 



Timer X 



Timer X count stop bit 



O O 



Fig.23 Block diagram of the clock generating circuit 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer and the prescaler is 
1/(n+U. 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(3) Reading the timer and prescaler must be avoided 
while the input to the prescaler is changing. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. 

(6) Since the comparator consists of the capacitive cou- 
pled configuration, f(X, N ) is needed larger than 1MHz 
during A-D conversion. And during A-D conversion, 
don't use STP or WIT instruction. 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 

(3) ROM data EPROM 3sets 

Write the following option on the mask ROM confirmation 
form 

• STP instruction option 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V ss 
Output transistors cut-off 


-0. 3~ 7 


V 


v, 


Input voltage X iN 


-0. 3— 7 


V 


v. 


Input voltage P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7 , 
P4 0 ~P4 7l P7 2 ~P7 5 


-0. 3~Vcc+0. 3 


V 


V| 


Input voltage P3 0 ~P3 7> P5 0 ~P5 7 , P6 0 , P7 0 , P7 1( TntT 


-0. 3-13 


V 


v, 


Input voltage CNV SS , RESET 


-0. 3—13 


V 


V 0 


Output voltage P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7 , 

P4 0 ~P4 7 , P7 2 ~P7 5 , Xout. 6 D-A 


-0. 3~Vcc+0. 3 


V 


V 0 


Output voltage P3 0 ~P3 7l P6 0 ~P6 4 , P7 0> P7i, PWM 


-0. 3—13 


V 


Pd 


Power dissipation 


T a =25°C 


300 


mW 


Topr 


Operating temperature 




-10-70 


°C 


Tstg 


Storage temperature 




' -40—125 


°C 



RECOMMENDED OPERATING CONDITIONS (V cc ==5V±10%,T a ==-10~70°C l unless otherw.se noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


Vss 


Supply voltage 




0 




V 


V REF 


Reference voltage 


4 




Vcc 


V 


V,h 


"H" input voltage P0 0 ~P0 7 , P1 0 ~P17, P2 0 ~P2 7 , 
P3o~P3 7 , P4 0 ~P4 7 , P5 0 ~P5 7 , 
INT 1f RESET, X, n , CNVgs, P6 0> 
P7 0 ~P7 5 


0. 8V CC 




V C c 


V 


v IL 


"L" input voltage P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7 , 
P3 0 ~P3 7 , P4 0 ~P4 7 , P5 0 ~P5 7 , 
INTT, CNVss, P6 0 , P7 0 ~P7 5 


0 




0. 2V C c 


V 


V, L 


"L" input voltage RESET 


0 




0. 12V CC 


V 


V, u 


"L" input voltage X !N 


0 




0. 16 Vcc 


V 


'oL(peak) 


"L" peak output current P0 0 ~P0 7 , P1 0 ~P1 7 , 
P2 0 ~P2 7l P3 0 ~P3 7> 
P4 0 ~P4 7> P7 0 ~P7 5 (Note 2 ) 






10 


mA 


'oL(peak) 


"L" peak output current P6 0 ~P6 3 (Note 2 ) 






15 


mA 


•oL(peak) 


"L" peak output current PWM, P6 4 (Note 2 ) 






5 


mA 


'oL(avg) 


"L" average output current P0 0 ~P0 7 , P1 0 ~P1 7 , 
P2 0 ~P2 7 , P3 0 ~P3 7 , 
P4 0 ~P4 7 , P7 0 ~P7 5 (Note1 ) 






5 


mA 


'oL(avg) 


"L" average output current P6 0 ~P63 (Note 1 ) 






7 


mA 


'oL(avg) 


"L" average output current PWM, P6 4 (Note 1 ) 






2.5 


mA 


'oH(peak) 


"H" peak output current P0 0 ~P0 7 , P1 0 ~P1 7 , 

P2 0 ~P2 7 , P7 2 ~P7 5 (Note 2 ) 






-10 


mA 


'oH(avg) 


"H" average output current POo~P0 7 , P1 0 ~P1 7 , 
P2 0 ~P2 7 , P7 2 ~P7 5 
(Notel ) 






-5 


mA 


f(x IN ) 


Internal clock oscillating frequency 






4 


MHz 



Note 1 '. Average output current l 0 L(avg) and 'oH(avg) are the average value of a period of 100ms 

2 : Total of "L" output current l OL > of ports P0, P1, P2, P3, P4, P6, P7 and PWM is 80mA max 

Total of "H" output current l OH . of port P0, P1, P2, P 7 2 — P 7 5 is 50mA max 

3 : "H" input voltage of ports P3, P5, P6 0 , P7 0 , P7, and IN^ is available up to +12V 
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ELECTRICAL CHARACTERISTICS (V C c=5V, V ss =0V, T a =25°C, f(X, N )«4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


V OH 


"H" output voltage P0 0 ~P0 7 , P1 0 ~P17, P2 0 ~P2 7 , 
P7 2 ~P7 5 


l 0H =— 10mA 


3 






V 


Vqh 


"H" output voltage <f> 


l OH =-2.5mA 


3 






V 


Vol 


"L" output voltage P0 0 ~P0 7> P1 0 ~P17, P2 0 ~P2 7) 
P3 0 ~P3 7l P4 0 ~P4 7 , P6 0 ~P6 3 , 
P7 0 ~P7 5 


l O i_=10mA 






2 


V 


Vol 


"L" output voltage PWM, P6 4 


loL == 5mA 






2 


V 


V T +-V T - 


Hysteresis INT! 




0.3 




1 


V 


V t +-V t - 


Hysteresis P3 6 


When used as CLK input 


0.3 


0.8 




V 


V T +-V T - 


Hysteresis P3 2 


When used as INT 2 input 


0.3 




1 


V 


V T +-V T - 


Hysteresis P3 3 


When used as CNTR input 


0.5 


1 




V 


V t +-V t - 


Hysteresis P6 0 


When used as T input 


0.5 


1 




V 


V T +-V T _ 


Hysteresis RESET 






0.5 


0.7 


V 


V T +-V T _ 


Hysteresis X| N 




0.1 




0.5 


V 


l|L 


"L" input current P0 0 ~P0 7) P1o~P17, P2 0 ~P2 7 , 
P3 0 ~P3 7 , P4 0 ~P4 7 , P5 0 ~P5 7> 
P6 0l P7 0 ~P7 5 , PWM 


V,=0V 






-5 


/uA 


IlL 


"L" input current INTi, RESET, X| N 


V,=0V 






-5 


/uA 


l|H 


"H" input current P3 0 ~P3 7) P5 0 ~P5 7 , P6 0 , P7 0 , P7^, 
PWM 


V,=12V 






12 


juA 


l,H 


"H" input current INTl RESET, X| N , P0 0 ~P0 7 , 
P1 0 ~P1 7 , P2 0 ~P2 7 , P4 0 ~P4 7 , 
P7 2 ~P7 5 


V,=5V 






5 


juA 


Vram 


RAM retention voltage 


At clock stop 


2 






V 


Ice 


Supply current 


<t>, Xout. and D-A pins 
opened, other pins at 
V S s, and A-D converter 
in the finished condi- 
tion 


f(X, N )=4MHz 
Square wave 




3 


6 


mA 


At clock stop 
T a =25°C 






1 


juA 


At clock stop 
T a =75°C 






10 



A-D CONVERTER CHARACTERISTICS (V CC =5V, V ss =AV ss =0V, T a =25°C, f(X IN )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 




Resolution 


Vref = Vcc 






8 


Bits 




Absolute accuracy 


Vref=V C c 






±3 


LSB 


Rladder 


Ladder resistance value 


Vref— V C c 


2 




10 


kfi 


tcoisiv 


Conversion time 








50 


y"S 


Vref 


Reference input voltage 




2 




Vcc 


V 


V IA 


Analog input voltage 




0 




Vref 


V 


D-A CONVERTER CHARACTERISTICS (Vcc=5V ( V ss =AVss=0V ) T a =25°C, t(X in )=4MHz, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm. 


Typ 


Max 




Resolution 


V REF =Vcc 






5 


Bits 




Error in full scale range 


Vref = Vcc 






±1 


% 


tsu 


Setup time 


Vref = Vcc 






3 


MS 


Ro 


Output resistance 


Vref == V C c 






3 


kft 


Vref 


Reference voltage 




4 




V cc 


V 
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TIMING REQUIREMENTS 

Single-Chip mOde (V C c=5V±10%, V ss =0V, T a =25°C, f(X, N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


*su(pod— <t>) 


Port PO input setup time 


270 






ns 


tsU(P1 D — <t>) 


Port P1 input setup time 


270 






ns 


tsU(P2D— <f>) 


Port P2 input setup time 


270 






ns 


tSLl(P3D— <f>) 


Port P3 input setup time 


270 






ns 


*SU(P4D— 4>) 


Port P4 input setup time 


270 






ns 


tsU(P5D— <t>) 


Port P5 input setup time 


270 






ns 


tsu(P7D— <t>) 


Port P7 input setup time 


270 






ns 


th(<*— POD) 


Port PO input hold time 


20 






ns 


*h(<*— P1D) 


Port P1 input hold time 


20 






ns 


th(<6— P2D) 


Port P2 input hold time 


20 






ns 


th(<6— P3D) 


Port P3 input hold time 


20 






ns 


*h(<*— P4D) 


Port P4 input hold time 


20 






ns 


<f> — P5D) 


Port P5 input hold time 


20 






ns 


th(*— P7D) 


Port P7 input hold time 


20 






ns 


tc 


External clock input cycle time 


250 






ns 


tw 


External clock input pulse width 


75 






ns 


tr 


External clock rising edge time 






25 


ns 


tf 


External clock falling edge time 






25 


ns 


Eva-Chip mOde (V CC =5V±10%, V ss =0V, T a =25°C, f(X, N )=4MHz, unless otherwise noted) 


Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


*su(pod— <t>) 


Port PO input setup time 


270 






ns 


tsu(pi D — </>) 


Port P1 input setup time 


270 






ns 


*SU(P2D— <t>) 


Port P2 input setup time 


270 






ns 


th(9^— POD) 


Port PO input hold time 


20 






ns 


0 — pi d) 


Port P1 input hold time 


20 






ns 


*h(9^— P2D) 


Port P2 input hold time 


20 






ns 


Memory expanding mode and microprocessor mode 

(V CC =5V±10%, V S s=0V, T a =25°C, f(X, N )=4MHz, unless otherwise noted) 


Symbol 


Parameter 


Limits 




Mm 


Typ 


Max 


Unit 


*SU(P2D— <t>) 


Port P2 input setup time 


270 






ns 


*h(0— P2D) 


Port P2 input hold time 


30 






ns 
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SWITCHING CHARACTERISTICS 

Single-Chip mode (V CC =5V±10%, V ss =0V, T a =25°C, f(X IN )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


td(<*— POQ) 


Port PO data output delay time 


Fig 25 






230 


ns 


td(<*— piq) 


Port P1 data output delay time 






230 


ns 


*d(<*— P2Q) 


Port P2 data output delay time 






230 


ns 


^d( </> — P3Q) 


Port P3 data output delay time 


Fig 24 






230 


ns 


td(«*-P4Q) 


Port P4 data output delay time 






230 


ns 


^d( <f> — P6Q) 


Port P6 data output delay time 






230 


ns 


^d(0 — P7Q) 


Port P7 0 , Pl\ data output delay time 






230 


ns 


Port P7 2 ~P7 5 data output delay time 


Fig 25 






230 


ns 


Eva-Chip mode (V C c=5V±10%, V ss =0V, T a =25°C, f(X, N )=4MHz, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


*d(<*— POA) 


Port PO address output delay time 


Fig 25 






250 


ns 


td((*— POAF) 


Port PO address output delay time 






250 


ns 


td(<*— POQ) 


Port PO data output delay time 






200 


ns 


*d($>— POQF) 


Port PO data output delay time 






200 


ns 


*d(<*— pia) 


Port P1 address output delay time 






250 


ns 


^d( 4> — P1 AF) 


Port P1 address output delay time 






250 


ns 


td(<6— P1Q) 


Port P1 data output delay time 


s 




200 


ns 


*d(<*— P1QF) 


Port P1 data output delay time 






200 


ns 


td(^— P2Q) 


Port P2 data output delay time 






300 


ns 


^d( <t> — P2QF) 


Port P2 data output delay time 






300 


ns 


*d(s*— R/W) 


R/W signal output delay time 


Fig 24 






250 


ns 


td(<*— R/WF) 


R/W signal output delay time 






250 


ns 


td(«*— P3 0 Q) 


Port P3 0 data output delay time 






200 


ns 


td(<*— P3 0 QF) 


Port P3o data output delay time 






200 


ns 


*d(0— SYNC) 


SYNC signal output delay time 






250 


ns 


*d(0— SYNCF) 


SYNC signal outpat delay time 






250 


ns 


*d(«* — ps^) 


Port P3i data output delay time 






200 


ns 


*d(<*— P3TQF) 


Port P3t data output delay time 






200 


ns 


Memory expanding mode and microprocessor mode 

(V CC =5V±10%, V ss =0V, T a =25°C, f(X, N )=4MHz, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


^d( <t> — POA) 


Port PO address output delay time 


Fig 25 






250 


ns 


td(<*— pia) 


Port P1 address output delay time 






250 


ns 


t<j(<A— P2Q) 


Port P2 data output delay time 






300 


ns 


td(0— P2QF) 


Port P2 data output delay time 






300 


ns 


td(<*— R/W) 


R/W signal output delay time 


Fig 24 






250 


ns 


td(0— SYNC) 


SYNC signal output delay time 






250 


ns 




P0 
P1 
P2 

P7 2 ~P7 5 
* 




1 ' 

±. 100pF 

777 


— I ' 

± 100pF 
7TT 





Fig.24 Ports P3, P4, P6, P7 0 , P7 1 test circuit 



Fig.25 Port PO, P1, P2, P7 2 ~ P7 5 test circuit 
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TIMING DIAGRAMS 

In single-chip mode 



Port PO output 



Port PO input 



Port P1 output 



Port P1 input 



Port P2 output 



Port P2 input 



Port P3 output 



Port P3 input 



Port P4 output 



Port P4 input 



Port P6 output 



Port P7 output 



Port P7 input 



f(x, N ) 



\ / 



>: 



-t(j(0-pOQ) 



-td(s»-piQ) 



H^-td(0-P2Q) 



X 



- td(0-P3Q) 



>: 



-*d(0-P4Q) 



|-6-td(, 



><: 



~td(^-P7Q) 



ST 



tsU(P0D-«6) 



tsU(P1D-«5) 



tsU(P2D-^) 



*SU(P3D-^) 



t SU(P4D-9>) 



tsU(P7D-^) 



-th(^-POD) 



th(<*-PiD) 



-th((*-P2D) 



-t h((*-P3D) 



— th(<A— P4D) 



-thU-P5D) 



-th(^-P7D) 
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In eva-chip mode 



Port PO output 



Port PO input 



Port P1 output 



Port P1 input 



Port P2 output 



Port P2 input 



Port P3 0 output (R/W) 



Port P3t output (SYNC) 



X 



-td(^-POA) 



td((6-P0Q) - 



-t<J(*-P1A) 



X 



~td((0- P2Q) 



^d(0~R/W) 



X 



" td(0-v.SYNC) 



s 



-td((4-P0AF) 



x>; 



tsuCPOD-^) 



-td(«6-P1AF) 



xx 



A 



tsU(P1D-?i) 



" td( ?6 — P2QF) 



>x 



A 



*SU(P2D- <j>) 



td((ft— R/WF) 



XX 



-^d(^-SYNCF) 



xx 



-td(0- P3.,Q) 



_td(0-POQF) 



X 

X 



X 



■th(#-POQ) 

e— td(«5-PiQF) 




X 



-th(f*-P2D) 



- td(0-P3 o QF) 



-td(s*- P3-|QF) 



3-228 



MITSUBISHI MICROCOMPUTERS 

M37414M5-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



In memory expanding mode and microprocessor mode 



Port PO output 



Port P1 output 



Port P2 output 



Port P2 input 



Port P3 0 output (R/W) 



>ort P3^ output (SYNC) 



X 



-t(j ( tf— POA ) 



X 



-td (*-pia) 



X\"™H~~~X 



X 



-t<j (0-R/W) 



X 



(0-SYNC) 



- td (*-p2q) 



J, 



x 



x 



x 



- td (*-P2QF) 



K 



-th (*-P2D) 



x 



X 
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



DESCRIPTION 

The M37415M4-XXXFP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
80-pin plastic molded QFP. This single-chip microcomputer 
is useful for business equipment and other consumer ap- 
plications. 

In addition to its simple instruction set, the ROM, RAM, and 
I/O addresses are placed on the same memory map to en- 
able easy programming. 

This microcomputer is also suitable for applications which 
require controlling LCDs and generating DTMF. 



FEATURES 



69 



8192 bytes 
•512 bytes 
16 bytes 



Number of basic instructions 

Memory size 

ROM • 

RAM 

RAM for display LCD 

Instruction execution time 
••• 2.5 jus (minimum instructions at 3.2MHz frequency) 

5jus (minimum instructions at 1.6MHz frequency) 

•••• 10 jus (minimum instructions at 800kHz frequency) 
20/u s (minimum instructions at 400kHz frequency) 

Single power supply 

f(X, N )=400kHz, or 800kHz 2.5^V CC ^5.5V 

f(X, N )=1 .6MHz, or 3.2MHz 4.5V^V CC ^5.5V 

Power dissipation 
normal operation mode (at 3.2MHz frequency) 

20mW (DTMF output V CC =5.0V typ.) 

15mW (DTMF off V CC =5.0V typ.) 

low-speed operation mode 
(at 32kHz frequency for clock function) 

225^W (V CC =5.0V typ.) 

stop mode (at 25°C) 5/^W (V CC =5.0V max.) 

RAM retention voltage (stop mode) 2V^V RAM ^5.5V 

Subroutine nesting 64 levels (max.) 

Interrupt 8 types, 5 vectors 

8-bit timer 3 (2 when used as serial I/O) 

16-bit timer 1 (Two 8-bit timers makes one set) 

Programmable I/O ports 
(Ports P0, P1, P2, P3) 32 

Input port (Port P4) 8 

Serial I/O (8-bit) ■ 1 

DTMF (Dual-Tone Multi-Frequency) generator •••Built-in 

LCD controller/driver 
(1/2,1/3, bias, 1/2, 1/3, 1/4 duty) 

segment output 32 

common output , 4 

resistor for LCD power supply Built-in 

Two clock generator circuits 

(One is for main clock, the other is for clock function.) 



PIN CONFIGURATION (TOP VIEW) 



W(/3CO(/)(/)WW>WWWCOW(/)t/3(/). 

t t t t t t t tTTTTtTT 



SEG 8 < 
SEG 7 < 
SEG 6 < 
SEG 5 < 
SEG 4 < 
SEG 3 « 
SEG 2 < 
SEGt « 
SEG 0 « 
COM3" 
COM 2 « 
COM! « 
-COM 0 « 

v L - 

V REF - 
Tone « 

Vcc 
CNTR •* 
P37/SRDY "* 
P 36 /CLK + 
P35/S0UT "* 

P 3 4/S,N « 
P33/T* 

P 32 /INT 2 « 




Outline 80P6 



APPLICATION 

Home telephone, Multi function telephone 
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M37415M4-XXXFP BLOCK DIAGRAM 



Clock input Clock output 

XlN X OUT 

(a (j) 



Interrupt 
input 

IntT 



Reset 
input 

RESET 



-|) 



Vcc 



V ss CNV S! 

-(§) @ (28>- 



Clock generating circuit 



r 



Processor 
status 
register PS(8) 



(Note 1) 



Program 
counter 

PC H (8) 



Program 
counter 

PC L (8) 



Stack 
pointer 
S(8) 



8-bit 
Arithmetic 
and logical 

unit 



Accumulator 

A(8) 

— — 



RAM 
512 bytes 



Index 




Index 


register 




register 


X(8) 
1 1 




Y(8) 
u 1 



ROM 
8192 bytes 



37 



Timer 1 
,T1(8) 



Timer 4 




Timer 2 


T4(8) 




T2(8) 



Timer 5 
T5(8) 



Timer 3 
T3(8) 



Instruction 
register 

~TT~ 



Instruction 
decoder 



Control signal 



2 



LCD data memory 



P4(8) 



2 



S 1/0(8) 



LCD controller/driver 



DTMF 
generator 



XciN 
XcOUT 



t 



9 



P3(8) 



Segment output (32) 
SEG 



<6> 



P2(8) 



Timer 
' I/O 

4)CNTR 



PK8) 



P0(8) 



— ®@@@@|)@@- - kM>@®I^^ 



Common v L | T on e 
output v/ 
COM Vref 

Reference 
voltage input 



I/O port P3 



I/O port P2 



I/O port P1 



I/O port PO 



Note 1 .' Program counter PC H is only 6 bits long 



to 
Z 

o 
r 
m 

o 
z 

09 

■ 

09 



O 

3 
o 

to 



o 

30 
O 

o 
o 
3 
u 
c 
-I 
m 

SO 
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FUNCTIONS OF M37415M4-XXXFP 



Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


2. 5/^s (minimum instructions, at 3. 2MHz frequency) 
5/^s (minimum instructions, at 1. 6MHz frequency) 
10,us (minimum instructions, at 800kHz frequency) 
20^s (minimum instructions, at 400kHz frequency) 


Clock frequency 


o. ilvinZ, I . oMnZ, oUUKMZ, WUKHZ 


Memory size 


ROM 


oiy^ Dytes 


RAM 


o\£ Dytes 


RAM for display LCD 


1 6 bytes 


Input/Output port 


PO, P1, P2, P3 


I/O 


8 " b ' tX4 


P4 


Input 


8-bitXl (Port P4 are in common with SEG) 


SEG 


LCD output 


32-bitX1 


COM 


LCD output 


4-bitX1 


Serial I/O 




Timers 


8-bit timerX3 (X2, when serial I/O is used) 


16-bit timerXI (combination of two 8-bit timers) 


LCD controller/driver 


Bias 


1/2, 1/3, bias selectable 


Duty ratio 


1/2, 1/3, 1/4 duty selectable 


Common output 


4 


Segment output 


32(SEG 2 4~SEG 31 are in common with port P4) 


Subroutine nesting 


oh \ max ) 


Interrupt 


Two external interrupts, Three timer internal interrupts 
(or two timer, one serial I/O) 


Clock generating circuit 


Two built-in circuits (ceramic or quartz crystal oscillator) 


Supply voltage 


z. o~o. ovvat wukhz or ouukhz frequency j 
4. o~o. Dvvat I . dMHz or o. zmmz frequency J 
RAM retention voltage at clock stop is 2~5. 5V 


Power dissipation 


DTMF output 


At high-speed 
operation Vcc^V 


20mW (at clock frequency f(X, N )=3 2MHz) 


DTMF off 


At high-speed 
operation V C c— 5V 


15mW (at clock frequency f(X, N )=3. 2MHz) 


At low-speed 
operation Vcc^SV 


225/^W (at clock frequency f(X C i N )=32kHz) 


At stop mode 


1//A (max 25°C) 


Input/Output 
characteristics 


Input/Output voltage 


5V 


Output current 


loH=-2mA(V OH =3V) 


loL=10mA(V O L=2V) 


Pull-up current : Mm —30^ A, Max — 140^A, Typ —70juA 
(V CC =5V input voltage 0V) 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate 


Package 


80-pin plastic molded QFP 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 

Phitm it 


Functions 


\/ 

v CCi 

V S s 


ouppiy vuiidyc input 




Power supply inputs 5V~^~10% to Vcc and OV to Vss 


CNVss 


CNVss input 




Connect to V S s 


RESET 


R©sct input 




To ©nt©r th© r©s©t st3t© th© r©s©t input pin must b© k©pt 3t 3 "t_" for mor© thsn 2. /us (und©r normsl V^c 
conditions) If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
t3in©d for th© r&c|uir©d turn© 


v. 


Clock input 




■yj^ggg 3,r© I/O pins of int©rn3l clock cj©n©r3tmcj circuit for msin clock To control cj©n©r3tinQ fr©c|u©ncy sn 
external ceramic or a quartz crystal oscillator is connected between the X| N and Xout P'ns If an external 
clock is used, the clock source should be connected the X| N pin and the X 0 ut pm should be left open 


XoUT 


Clock output 


Output 


INTi 


Interrupt input 




ThiQ ic tho hirthtict r*rr\c±r mtorriint inmit nin It pan hp m paci irc±r\ inniit v/nltanp IpwaI 

llllo lo Ult? MiyilCol UIUCI IllltsllUpi IlljJUl JJIII IL Odll UC Hlt?dOUIt5U MljJUl vuiidyt? ICVCI 




I /Pi nnrt Pfl 


I/O 


Port PO is sn 8-bit I/O port with dir©ction3l r©cjist©r sllowincj ©dch I/O bit to b© individually proQr3rnm©d 3s 
input or output At reset, this port is set to input mode The output structure is CMOS output 


P1 0 ~P1 7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO 


DO .. DO 


I /Pi nnrt P9 


I/O 


Pnrt P9 ic an ft-hit \/C\ nnrt anrl hac haoipallv/ tho cam & fiinptmnc ac nnrt PO 
vkJi L v c. lo oil O Ull 1/ \J pull dllU lido UdolOdlly lilts odlllt? lUlllAIUilo do \J\Jl l r\J 


P3 0 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO When serial I/O is used, P3 7 , 

P^o P^c anrl P^> work ac ^r,™ PI K anrl nin«; rpcnprtivplv Akn P^o P^o P^< anH P3n wnrk a«; 

r06, r 05, dllU 1O4 WUIIx do OrqYi ^L-rs, OnyTt dllU 0[N JJIIIo, loo^JCOUVdy nloU r 03, r02i ' dllU ' '-'0 vvuirx do 

timer 3 overflow signal divided by 2 output pin (T), INT 2 pm, X C in and X C out P'ns, respectively 


P4 0 ~P4 7 


Input port P4 


Input- 


Port P4 is an 8-bit input port and can be used as segment output pins 




Voltage input for LCD 




Thic ic a v/r\ltane inniit nin fnr 1 Pn Qnnnlv/ wnltanp ic D\/<C\/. <C\/^^ OV'-^Vi .< ic cimnliprl tn 1 PD 
Itllo lo d VUlldyC lil|JUl jJIII IUI LUU OU|jpiy VUlldytJ lo UV =^ V [_ ^ »CC V LV oU(JJJIIt?U IU 1—\jU 


COM 0 — 
COM3 


Common output 


Output 


These are the LCD common output pins At 1/2 duty, COM2 and COM3 pins are not use At 1/3 duty, COM3 
pin is not used 


SEG 0 ~ 
SEG23 


Segment output 


Output 


These are LCD segment output pins 


CNTR 


Counter I/O 


I/O 


This is an output pin for timer 4 and 5 It can be measured input voltage level 


v REF 


D-A convert power 
supply for DTMF 




Reference voltage input for A-D converter of DTMF 


Tone 


DTMF output 


Output 


This is DTMF output pin 
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FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 



The M37415 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 
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MEMORY 

• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 

• RAM 

RAM is used for data storage as well as a stack area. 

• ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 



• Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 

• Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

• Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 



RAM 
(128 bytes) 



0000 1( 



007F 1( 



RAM for LCD I 00D0 16 
(16 bytes) I 00DF 16 



RAM 

(384 bytes) 



ROM 
(8192 bytes) 



00FF 1( 
0100 1( 



027F 1( 



2000 1( 



3F00 1( 



3FFF 1( 



Not used 



SFR area 



Not used 



Interrupt vector area 



Zero page 



Special 
page 
for 
subroutine 
call 



Fig.l Memory map 
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O0EO 16 


Port PO 


00F0 16 






0OE1 16 


Port PO directional register 


00F1 16 






00E2 16 


Port P1 


00F2 16 






OfiES^ 


Port P1 directional register 








00E4 16 


Port P2 


00F4 16 


DTMF register 




0OE5i6 


Port P2 directional register 


OOFS^ 


LCD mode register 




OOE616 




00F6 16 


Serial I/O mode register 




00E7 16 




00F7 16 


Serial I/O register 




00E8 16 


Port P3 


00F8 16 


Timer 4, 5 mode register 




00E9i6 


Port P3 directional register 


00F9i6 


Timer 1 




00EA 16 


Port P4 


00FA 16 


Timer 2 




00EB 16 




00FB 16 


Timer 3 




OOECie 




00FC 16 


Timer 4 




O0ED 16 




00FD 16 


Timer 5 




O0EE 16 




00FE 16 


Interrupt control register 




O0EF 16 




00FF 16 


Timer control register 













Fig. 2 SFR (Special Function Register) memory map 



3-236 



MITSUBISHI MICROCOMPUTERS 

M37415M4-XXXFP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



INTERRUPT 

The M37415M4-XXXFP can be interrupted from eight 
sources; INT^ Timer 1, Timer 2, Timer 3 or Serial I/O, INT 2 
or key on wake up, and BRK inctruction. 
The value of bit 2 of the serial I/O register (address 
00F6 16 ) determines whether the interrupt is from timer 3 or 
from serial I/O. When the bit 2 is "1" the interrupt is from 
serial I/O, and when bit 2 is "0" the interrupt is from timer 
3. Also, when bit 2 is "1", parts of port 3 are used for serial 
I/O. Bit 7 of the serial I/O register determines if an inter- 
rupt is from INT 2 or from "key on wake up". When bit 7 is 
"0", the interrupt is from INT 2 . When bit 7 is "1" the interrupt 
is from "key on wake up". "Key on wake up" can only be 
used at power down by the STP or WIT instruction. These 
interrupts are vectored and their priorities are shown in 
Table 1. Reset is included in this table since it has the 
same function as interrupt. 

Table 1. Interrupt vector address and priority 



Interrupt 


Priority 


Vector address 


RESET 


1 


3FFF 16 , 3FFE 16 


I NT! 


2 


3FFD 16 , 3FFC 16 


Timer 1 


3 


3FFB 16 , 3FFA 16 


Timer 2 


4 


3FF9 16 , 3FF8 16 


Timer 3 or serial I/O 


5 


3FF7 16 , 3FF6 16 


INT 2 orkeyonwakeup(BRK) 


6 


3FF5 16 , 3FF4 16 



When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, as discussed in 
the stack pointer section, and the interrupt disable flag (I) 
is set, and the program jumps to the address specified by 
the interrupt vector, and the interrupt request bit is cleared 
automatically. The reset interrupt is the highest priority in- 
terrupt and can never be inhibited. Expect for the reset in- 
terrupt, all interrupts are inhibited when the interrupt dis- 
able flag is set to "1". All of the other interrupts except key 
on wake up function can further be controlled individually 
via the interrupt control register shown in Figure 3 An inter- 
rupt is accepted when the interrupt enable bit and the in- 
terrupt request bit are both "1" and the interrupt disable 
flag is "0". The interrupt request bits are set when the fol- 
lowing conditions occur: 

(1) When the INT., or INT 2 pins goes from "H" to "L" 

(2) When the levels any pin of P2 goes "L" (at power 
down mode) 

(3) When the contents of timer 1, timer 2, timer 3 or the 
counter of serial I/O goes to "0" 

These request bits can be clear by a program but can 
not be set. The interrupt enable bit can be set and 
clear by a program. 

Since the BRK instruction interrupt and the INT 2 inter- 
rupt have the same vectored address, the contents of 
the B flag must be checked to determine if the BRK in- 
struction caused the interrupt of if TNT 2 generated the 
interrupt. 



Interrupt control register (Address 00FE 16 ) 

Bit 7 : INT, pin interrupt request bit 
Bit 6 : INT, pin interrupt enable bit 
Bit 5 : Timer 2 interrupt request bit 
Bit 4 : Timer 2 interrupt enable bit 

Bit 3 : Timer 3 interrupt or serial I/O interrupt request bit 
Bit 2 : Timer 3 interrupt or serial I/O interrupt enable bit 
Bit 1 : INT 2 pin interrupt request bit 
BitO : INT 2 pin interrupt enable bit 



Interrupt 
request 




i ii 1 1 1 1 1 1 



Interrupt disable flag I 



1 — Reset 



Timer control register (Address 00FF 16 ) 

Bit 7 : Timer 1 interrupt request bit 
Bit 6 : Timer 1 interrupt enable bit 
Bit 5 I Timer 1 count stop bit 
Bit 4 : Timer 3 count source selection bit 
Bit 3 : Timer 2 count source selection bit 
Bit 2 : Timer 1 count source selection bit 



Fig.3 Interrupt control 



A MITSUBISHI 
ELECTRIC 



3-237 



MITSUBISHI MICROCOMPUTERS 

M37415M4-XXXFP 



/ 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



TIMER 

The M37415M4-XXXFP has five timers; timer 1, timer 2, 
timer 3, timer 4, and timer 5. The interrupt of timer 3 cannot 
be used when serial I/O is used (see serial I/O section). 
The count source for timer 1, timer 2, timer 3 can be 
selected by using bit 2, 3 and 4 of the timer control register 
(address 00FF 16 ), as shown in Figure 5. A block diagram of 
timer 1 through 5 is shown in Figure 4. All of the timers are 
down count timers and have 8-bit latches. When a timer 
reaches "0" and the next count pulse is input to a timer, the 
contents of the reload latch are loaded into the timer. The 
division ratio of the timers is 1/(n-j-1 ), where n is the con- 
tents of timer latch. 

The timer interrupt request bit is set at the next count pulse 
after the timer reaches "0". The interrupt and timer control 
registers are located at addresses 00FE 16) and 00FF 16 , re- 
spectively (see interrupt section) . The starting and stop- 
ping of timer 1 is controlled by bit 5 of the timer control 
register. If bit 5 (address 00FF 16 ) is "0", the timer starts 
counting. When bit 5 is "1", the timer stops. 
After a STP instruction is executed, timer 2, timer 1, and the 
clock (0 divided by 4) are connected in series (regardless 
of the status of bit 2 though 4 of the timer control register). 
This state is canceled if timer 2 interrupt request bit is set 
to "1", or if the system is reset. Before the STP instruction 
is executed, bit 5 of the timer control register (timer 1, 
count stop bit), bit 6 of the timer control register (timer 1 
interrupt enable bit) , and bit 4 of interrupt control register 
(timer 2 interrupt enable bit) must be set to "0". For more 
details on the STP instruction, refer to the oscillation circuit 
section. 



TIMER 4 AND TIMER 5 MODES 

(1) Timer mode [00]. 

The internal clock- divided by 4 is counted. When the 
timer counts to "0", the interrupt request bit is set to 
"1", the contents of the timer latch is reloaded, and the 
counting starts again. 

(2) Pulse output mode [01]. 

The output level of the CNTR pin inverts each timer the 
timer contents to zero. 

(3) Event counter mode [10]. 

The same function is executed as that of mode "00", 
except that the counting source is input from the CNTR 
pin. The count decreased each time the CNTR input 
goes from "L" to "H". 

(4) Pulse width measurement mode [11]. 

This mode is used to measure the pulse width of a sig- 
nal (between "L"s) input into the CNTR pin. The count- 
ing is done using the oscillation frequency divided by 
4, and only while the CNTR pin is at a low level. When 
the contents of the counter reaches zero, the timer 5 
overflow flag is set to "1", the timer is reloaded from 
the reload latch, and counting starts again. The over- 
flow flag can be reset by writing a "0" to bit 7 of 
address 00F8 16 . 

The structure of timer 4, 5 mode register is shown in 
Figure 6. 
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Data bus 




Timer 1 interrupt 
request bit 



LCDCK 



Timer 2 interrupt 
request bit 



f-N j, Timer 3 or serial I/O 
\s interrupt request bit 



TC : Timer 4, 5 mode register (Address 00FB 16 ) 
TM : Timer control register (Address 00FF 16 ) 
SM : Serial I/O mode register (Address 00F6 16 ) 
LM : LCD mode register (Addiess 00F5 16 ) 



Select gate : at reset, 
shaded side is connected 



Fig.4 Block diagram of timers 1 through 5 
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Timer control register 
(Address 00FF 16 ) 

00 '. Single-chip mode 

01 : Not used 

10 : Not used 

11 : Not used 

- Timer 1 count source selection bit 

0 .' 0 divided by 4 

1 : Timer for clock (X C in) 

. Timer 2 count source selection bit 

0 '. Timer 1 overflow 

1 '. Timer for clock (X C in) 

- Timer 3 count source selection bit 

0 : <f> divided by 4 

1 .' Timer 2 overflow 

. Time 1 * 1 count stop bit 

0 : Count start 

1 : Count stop 

- Timer 1 interrupt enable bit 

0 : Interrupt inhibit 

1 Interrupt enable 

- Timer 1 interrupt request bit 

0 : No interrupt request 

1 '. With interrupt request 



PORT P33/TIMER 3 OUTPUT 

The signal that timer 3 is divided by 2 is output from P3 3 
(T), at the contents of bit 4 of the serial I/O mode register 
(address 00F6 16 ) is "1" 

WATCHDOG TIMER FUNCTION 

Timer 4 and 5 can be used as a watchdog timer by con- 
necting the CNTR pin and the RESET pin as shown in Fi- 
gure 7, and by setting bit 4 and 5 of address 00F8 16 to "01". 
At this time the output of the 1/2 divider counter 
(connected to timer 5) is initialized to "1" when data is 
written to timer 5. After a delay of 12.5 to 15.0>s (at f(X !N ) 
=800kHz) after the reset is input, bits 4,5 and 6 of the tim- 
er 4,5 mode register are initialized to "0". The initialization 
program to set the watchdog timer mode should have the 
following sequence; 

(1 ) Set the pulse output mode after writing a value to timer 
4 and 5 registers. 

(2) If the program is running correctly, the CNTR pin 
should never go low due to data being continuously 
written to timer 5. If the program sequence is inter- 
rupted timer 5 will overflow and the CNTR pin will out- 
put a "L" and retain this value until the reset is ex- 
ecuted. 

(3) 12.5 to 17.5//S (at f (X, N ) = 800kHz) after a reset, the 
CNTR pin will be in high impedance state. 



Fig.5 Structure of timer control register 



L 



Timer 4, 5 mode register 
(Address 00F8 16 ) 

CNTR input level 

0 : at "L" level 

1 : at "H" level 

- INT! input level 

0 : at "L" level 

1 : at "H" level 

- Timer 4, 5 mode bit 

00 '. Timer mode 

01 : Pulse output mode 

1 0 : Event counter mode 

1 1 : Pulse width measurement mode 



- Timer 4, 5 count stop bit 

0 : Count start 

1 ' Count stop 

-Timer 5 overflow bit 

0 : No timer 5 overflow 

1 : With timer 5 overflow 



M37415M4-XXXFP 
CNTR 



RESET 




C and D are for power-on reset 



Flg.7 Reset circuit with the watchdog timer 



Fig.6 Structure of timer 4, 5 mode register 
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SERIAL I/O 

The block diagram of serial I/O is shown in Figure 8. In the 
serial I/O mode the receive ready signal (S RD y), synchro- 
nous input/output clock (CLK) , and the serial I/O (S 0 ut. 
S| N ) pins are used as P3 7) P3 6l P3 5 , and P3 4) respectively. 
The serial I/O mode register (address 00F6 16 ) is an 8-bit 



register. Bit 0 and 1 of this register is used to select a syn- 
chronous clock source. When these bits are [00] or [01], an 
external clock from P3 6 is selected. When these bits are 
[10], the. overflow signal divided by two from timer 3 be- 
comes the synchronous clock. Therefore, changing the tim- 
er period will change the transfer speed. When the bits are 
[11], the internal clock <j> divided by 4 becomes the clock. 



Internal I "I 
clock * — I V4 [-^ 



from internal clock 
divided by 4 or 
Timer 2 




II I I I I I I I Senal 1/0 mode re 9' ster 
I I I I I I I I (Address 00F6 16 ) 



INT 2 source selection bit (at STP/WIT) 

o : P3 2 (\m~ 2 ) 

1 : P2 0 ~P2 7 (key on wake up) 



Unsystem clock operation bit 

0 : HALT 

1 : operation 

Timer for clock port selection bit (P3 0 , '. 

0 : P3 0 , P3^ (Normal I/O port) 

1 • X C | N , Xcout 



Output of clock port selection bit (P3 3 ) • 

0 : P3 3 (Nomal I/O port) 

1 : T 



- Synchronous clock selection bit 

oo . i 



01 . 



External clock 



10 . Timer 3 overflow signal divided by 2 

1 1 ' Timing <j> divided by 4 



Serial I/O port selection bitXP3 5 , P3 6 ) 

0 : Normal I/O port 

1 ' Serial I/O port 



S RDY signal output selection bit (P3 7 ) 

0 : Normal I/O port 

1 : S RDY signal output pin 



Fig.8 Block diagram of serial I/O 
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Bits 2 and 3 decide whether parts of P3 will be used as a 
serial I/O or not. When bit 2 is "1", P3 6 becomes an I/O pin 
of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P3 6 . If the exter- 
nal synchronous clock is selected, the clock is input to P3 6 . 
And P3 5 will be a serial output, and P3 4 will be a serial in- 
put. To use P3 4 as a serial input, set the directional register 
bit which corresponds to P3 4 , to "0". For more information 
on the directional register, refer to the I/O pin section. 
To use the serial I/O, bit 2 needs to be set to "1", if it is "0" 
P3 6 will function as a normal I/O. Interrupts will be gener- 
ated from the serial I/O counter instead of timer 3. Bit 3 
determines if P3 7 is used as an output pin for the receive 
data ready signal ( bit 3="1 ", S RDY ) or used as a normal I/O 
pin (bit 3="0"). 

The function of serial I/O differs depending on the clock 
source; external clock or internal clock. 
Internal Clock- The S RDY signal becomes "H" during trans- 
mission or while dummy data is stored in the serial I/O reg- 
ister. After the faling edge of write signal, the 

Srdy signal 



becomes low signaling that the M37415M4-XXXFP*is ready 
to receive the external serial data. The S RD y signal goes 
"H" at the next falling edge of the transfer clock. The serial 
I/O counter is set to 7 when data is stored in the serial I/O 
register. At each falling edge of the transfer clock, serial 
data is output to P3 5 . During the rising edge of this clock, 
data can be input from P3 4 and the data in the serial I/O 
register will be shifted 1 bit. Data is output starting with the 
LSB. After the transfer clock has counted 8 times, the serial 
I/O register will be empty and the transfer clock will remain 
at a high level. At this time the interrupt request bit will be 
set. 

External Clock- If an external clock is used, the interrupt 
request bit will be set after the transfer clock has counted 8 
times but the transfer clock will not stop. Due to this 
reason, the external clock must be controlled from the out- 
side. The external clock should not exceed 50kHz at a duty 
cycle of 50%. 

Timing diagrams are shown in Figure 9, and connection be- 
tween two M37415M4-XXXFP's are shown in Figure 10. 



Synchronous clock HJlJXjnjlJTJljnjlJlJlJ^ 



Transfer clock 

Serial I/O register write 
signal 

Serial I/O output 

SouT 

Serial I/O input 

S, N 

Receivable signal 

Srdy 



JL 





Interrupt request bit set 



Fig.9 Serial I/O timing 



Sending side 



Serial I/O mode register 

P3 7 

bit 3 bitO 




0 


1 


Jo 






Set the directional 
register for P3 7 pin 
in input mode 


P3 6 










P3 5 



Synchronous clock 



Serial data 



P3 7 



P3 6 



Receiving side 



Serial I/O mode register 



bit 3 



bitO 



Set the directional 
register for P3 4 pin 
in input mode 



Fig. 10 Example of serial I/O connection 



3-242 



MITSUBISHI MICROCOMPUTERS 

M37415M4-XXXFP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



DTMF FUNCTION 

The M37415M4-XXXFP has the DTMF (Dual-Tone Multi- 
Frequency) output and control function. The value of bit 0, 
and bit 1 of DTMF register (address 00F4 16 ) determines 
the low frequency band value. And the value of bit 2, and 
bit 3 of DTMF register determines the high frequency band 
value. The DTMF output can be controlled by the value of 
bit 4, and bit 5 of the DTMF register. When bit 4 is "1" the 
low frequency band is output to Tone, and when bit 4 is "0" 
the output of low frequency band is stopped. When bit 5 is 
"1" the high frequency band is output to Tone, and when bit 
5 is "0" the output of high frequency band is stopped. 
The value of bit 6, and 7 of DTMF register determines the 
basic frequency. The structure of the DTMF register is 
shown in Figure 11. The accuracy of DTMF output value is 
shown in Table 2 and 3. 



Table 2. Accuracy of DTMF output (at low frequency band value) 



Standard frequency value [Hz] 


Output frequency value [Hz] 


Deflection 


Error [%] 


697 


694. 44 


-2. 555 


-0. 367 


770 


769. 23 


-0. 769 


-0. 1 


852 


854.7 


2.7 


0.317 


941 


938. 97 


-2. 033 


-0.216 



Table 3. Accuracy of DTMF output (at high frequency band value) 



Standard frequency value [Hz] 


Output frequency value [Hz] 


Deflection 


Error [%] 


1209 


1204.8 


-4.181 


-0. 346 


1336 


1333.3 


-2. 667 


-0.2 


1477 


1470.6 


-6.412 


-0. 434 


1633 


1639.3 


6. 344 


0. 389 



DTMF register 
(Address 00F4 16 ) 



Low frequency band value selection 

00 : 697Hz 

01 770Hz 

10 : 852Hz 

11 : 941 Hz 



-High frequency band value selection 

00 • 1209Hz 

01 • 1336Hz 

10 : 1477Hz 

11 : 1633Hz 



- Low frequency band output control 

0 : stop 

1 : start 



-High frequency band output control 

0 stop 

1 . start 

-DTMF basic frequency selection 

00 . f(X, N )=400kHz 

01 . f(X IN )=800kHz 

10 . f(X, N ) = 1.6MHz 

11 : f(X IN ) = 3.2MHz 



Fig. 11 Structure of the DTMF register 




Low group 
freguencies 



High group frequencies 



Fig. 12 Telephone keys and DTMF 



XlN 

o- 



3. 2MHz 



Clock 
Selection | 



1 400kHz 



1/2 



1.6MHz 



1/2 



800kHz 



I/2 



Low group frequencies 
output counter 











High group frequencies 
output counter 



(00F4 16 address) 



4^>v. Tone output 

— 



Fig. 13 Block diagram of DTMF generator 
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LCD CONTROLLER/DRIVER 

The M37415M4-XXXFP has internal LCD controllers and 
drivers. A block diagram of LCD circuit is shown in Figure 
17. 

The terminals for LCD consist of 4 common-pin and 32 
segments pin. SEG 2 4~SEG 31 are in common with input P4. 
These pins are selected by bit 4 of the LCD mode register 
(LM 4l address 00F5 16 ). Two biases (1/2 and 1/3) can also 
be selected. When bit 2 of the LCD mode register is "1", 1/2 
bias is selected. When bit 2 is "0", 1/3 bias is selected. A 
1/2, 1/3, or 1/4 duty cycle can also be selected. When bits 
0 and 1 of the LCD mode register (LM 0l LMj is n, the duty 
ratio is 1/(n+1 ). 

Address 00D0 16 ~ 00DF 16 is the designated RAM for the 
LCD display. When 1s' are written to these addresses, the 
corresponding segments of the LCD display panel are 
turned on. A map of the LCD display RAM is shown in Fi- 
gure 15. The ON/OFF function for the LCD controller is 
controlled by bit 3 of the LCD mode register (LM 3 ). When 
this bit is "1" all the segments of the LCD are turned on. 
When this bit is "0" all the segments are turned off. An ex- 
ample circuit for each bias is shown in Figure 18 and Fi- 
gure 19 describes the LCD driver waveforms for each bias 
and duty cycle. 

The LCDCK timing frequency (LCD driver timing) is 
generated internally and the frame frequency can be deter- 
mined with the following equation; 



f(LCDCK) = 



(frequency of timer 1 count source) 
((timer 1 setting+1 )X4) 



Frame frequency= 



f( LCDCK) 



3 2 1 



LCD mode register 
(Address 00F5 16 ) 



• Duty ratio selection bit 

01 : 1/2 duty 

10 : 1/3 duty 

11 : 1/4 duty 

• Bias selection bit 

0 : 1/3 bias 

1 : 1/2 bias 



• LCD turn on bit 
0 : OFF 
1 : on 



' P4/LCD segment selection 
bit 

0 : P4 0 ~P4 7 (input port) 

1 : SEG 24 ~SEG 3 i 

(segment output) 

■ X COUT drive ability selection 

0 : High bit 

1 : Low 



System clock 0 selection bit 

0 :x/4 

1 : X c /2 



; at 1/n duty 



Fig.14 Structure of the LCD mode register 
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\_l3it 
Address \ 


7 


6 


5 


4 


3 


2 


1 


0 


DO 


1 


1 


1 


1 


o 


o 


o 


o 


D1 


3 


3 


3 


3 


2 


2 


2 


2 


D2 


5 


5 


5 


5 


4 


4 


4 


4 


D3 


7 


7 


7 


7 


6 


6 


6 


6 


D4 


9 


9 


9 


9 


8 


8 


8 


8 


D5 


1 1 


11 


11 


11 


10 


10 


10 


10 


D6 


13 


13 


13 


13 


12 


12 


12 


12 


D7 


15 


15 


15 


15 


14 


14 


14 


14 


D8 


17 


17 


17 


17 


16 


16 


16 


16 v 


D9 


19 


19 


19 


19 


18 


18 


18 


18 


DA 


21 


21 


21 


21 


20 


20 


20 


20 


DB 


23 


23 


23 


23 


22 


22 


22 


22 


DC 


25 


25 


25 


25 


24 


24 


24 


24 


DD 


27 


27 


27 


27 


26 


26 


26 


26 


DE 


29 


29 


29 


29 


28 


28 


28 


28 


DF 


31 


31 


31 


31 


30 


30 


30 


30 


COCJ'-OWCM'-O 

oooooooo 
oooooooo 

♦ Number in data memory area indicates corresponding segment. 



Fig. 15 Map of RAM for LCD segment 



V L cd O- 



2/3V LCD (At 1/3 bias) 



1/2V LCD (At 1/2 bias) Bias selection 
bit (LM 2 ) 

1/3V LCD (At 1/3 bias) 

o , 



1/2V L cd (At 1/2 bias) 



LCD turn on bit 

(LM 3 ) 




R-i — R2 — R3 



Bright control Vr 



Fig. 16 Internal circuit of LCD power supply input pin 



3-245 



(Q 



CD 
O 



o 
o 



Data bus 



00D0 16 
0 1 2 3 4 5 6 7 



Selector 



SEGo 



00DC 16 
0 1 2 3 4 5 6 7 



Selector 



Selector 



00DF 16 
0 1 2 3 4 5 6 7 



Selector 



Selector 



Segment I 


Segment 




Segment 


Segment 




driver 


driver 




driver 


driver 





Selector 



i 

Segment j Segment 

driver | driver 
i 



SEd 



SEG 24 /P4 0 SEG25/P4! 



SEG 30 /P4 6 SEG 31 /P4 7 



— i — r^n — i — 

lm 4 |lm 3 | LMs'iLmJlMo 



P4 input 
buffer 



LCD mode register 
(address 00F5 16 ) 



Timing controller 



1/2, 1/3 
bias controller 



n 



Common driver 



V SS V L 



COM 0 COI^ COM 2 COM 3 



Z 

o 
r 

m 

■ 

o 
z 

00 

I 

00 



o 
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o 
to 



o 

90 
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■o 
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Internal logic 
LCDCK timing 



Voltage level 



1/4 duty 



COM 0 



COM! 



COM 2 



COM3 



SEG 0 




OFF 



COM3 COM 2 COM1 COM 0 COM3 COM 2 COM, COM 0 

1 /3 duty 



COMq 



COM1 



COM 2 



SEG 0 




COM 0 
1/2 duty 



COM 2 COM! COM 0 COM 2 COM, CQM 0 COM 2 




COMt COM 0 



COMq COM1 COM 0 COM! COM 0 



Fig. 19 LCD drive waveform (at 1/3 bias) 
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KEY ON WAKE UP 

"Key on wake up", is one way of returning from a power 
down state caused by the STP or WIT instruction. If any ter- 
minal of port P2 has a "L" level applied, after bit 7 of the 
serial I/O mode register (SM 7 ) is set to "1", an interrupt is 
generated and the microcomputer is returned to the normal 
operating state. As shown in Figure 20, a key matrix can be 
connected to port P2 and the microcomputer can be re- 
tuned to a normal state by pushing any key. 



The key on wake up interrupt is common with the INT 2 in- 
terrupt. When SM 7 is set to "1", the key on wake up func- 
tion is selected. However, key on wake up cannot be used 
in the normal operating state. When the microcomputer is in 
the normal operating state, both key on wake up and INT 2 
are invalid. 

In order to enter the power down state generated by the 
STP or WIT instruction at the interrupt disable flag (I) is "0" 
and SM 7 is "1", all of port P2 must be input "H" 



Note 1 ) 



Port P3 2 

directional register 



P3 2 /INT 2 



6 



a 



- Port P3 2 data read circuit 




P2 7 



SM 7 - 



9 



Port P2 7 
directional 

TNotel) re f ter 



CPU stop state signal ^ jp <j 



INT 2 interrupt 
request signal 



Port P2t 
Note 1 ) directional regiter 



^-o ^<IJ 



Port P2 0 
(NoteD directional register 



> Port P2 data read circuit 



q Port PX X 



level output 



Note 1 : Pull-up transistor (mask option) 



Fig.20 Block diagram of port P2 and P3 2 , and example of wired at used key on wake up 
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RESET CIRCUIT 

The M37415M4-XXXFP is reset according to the sequence 
shown in Figure 23. It starts the program from the address 
formed by using the content of address 3FFF 16 as the high 
order address and the content of the address 3FFF 16 as the 
low order address, when the RESET pin is held at "L" level 
for at least 8 rising edges of X, N while the power voltage is 
in the recommended oprating condition and the crystal 



(1 ) Port PO directional register 

(2) Port P1 directional register 

(3) Port P2 directional register 

(4) Port P3 directional register 

(5) DTMF register 

(6) LCD mode register 

(7) Serial I/O mode register 

(8) Timer 4, 5 mode register 

(9) Interrupt control register 

(10) Timer control register 

(11) Interrupt disable flag for 
processor status register 

(12) Program counter 



Address 
(00E1 16 ) 
(00E3 16 ) 
(00E5 16 ) 
(00E9 16 ) 
(00F4 16 ). 
(00F5 16 ) 
(00F6 16 ) 
(00F8 16 ) 
(00FE 16 ) 
(00FF 16 ) 
(PS) 

(PC H ) 

(pc l ) 



oo 16 



00 ie 



00! 6 



oooo 



n 



Ode 



00l6 



0 0 0 0 



n 



00,6 



I I I I hi I 



Contents of 
address 3FFF 16 



Contents of 
address 3FFE 16 



Since the contents of both registers other than 
those listed above (including timers and the serial 
I/O register) and the RAM are undefined at reset, it 
is necessary to set initial values 



Fig.21 Internal state of microcomputer at reset 



oscillator oscillation is stable and then returned to "H" level. 
The internal initializations following reset are as shown in 
Figure 21, regardless of the status before reset (including 
stop mode or wait mode). 

An example of the reset circuit is shown in Figure 22. 
When the power on reset is used and the reset is used 
while the X )N clock is stopped, the RESET pin must be held 
"L" unitil the oscillation of 

Xin~Xout becomes stable. 



M37415M4-XXXFP 



Vcc 



29 



-AAAr- 



I 



4 



Fig.22 Example of reset circuit 



f(x, N ) 



juiir 



RESET 

Internal 
RESET 

SYNC 
Address 

Data 



jiumiiinr 



8 — 1 2 clock cycles 



Reset address from the 
vector table 



Note 1 I Frequency relation of f(X )N ) and <t> is f(X, N ) =4- <j> 
2 '. The mark " 0 " means that the address is change- 
able depending upon the previous state 



Fig.23 Timing diagram at reset 
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I/O PORTS 

(1) PortPO 

Port PO is an 8-bit I/O port with CMOS outputs and 
pull-up transistor options available. As shown in Figure 
1, PO can be accessed as memory through zero page 
address 00E0 16 . Port PO's directional register allows 
each bit to be programmed individually as input or out- 
put. The directional register (zero page address 
00E1 16 ) can be programmed as input with "0", or as 
output with "1". When in the output mode, the data to 
be output is latched to the port register and output. 
When data is read from the output port, the output pin 
level is not read, only the latched data of the port reg- 
ister is read. Therefore, a previously output value can 
be read correctly even though the output voltage level 
has been shifted up or down. Port pins set as input are 
in the high impedance state so the signal level can be 
read. When data is written into the input port, the data 
is latched only to the output register and the pin still 
remains in the high impedance state. 

(2) Port P1 

Port P1 has the same function as PO. 

(3) Port P2 

Port P2 has the same function as PO. Following the ex- 
ecution of STP or WIT instruction. P2 can be used to 
generate the "wake up mode". This mode is used to 
bring the microcomputer back in its normal oprating 
mode after being in the power-down mode. 

(4) PortP3 

Port P3 has the same function as PO execept that part 
of P3 is common with the serial I/O lines (ie output of 
timer 3, input/output of timer clock, and interrupt 
input). 



(5) Segment output (SEG 0 ~SEG 23 ) 

These ports drive and control the LCD segments. 

(6) Port P4 

Port P4 is an 8-bit input port which can be used as a 
LCD segment output port. 

(7) Common output (COM 0 ~COM 3 ) 

These port provides output drive and control for the 
LCD common lines. 

(8) Power supply for LCD (V L ) 
Supplies power to the LCD terminals. 

(9) INT; 

The INT-i pin is an interrupt pin. The INTi interrupt re- 
quest bit (bit 7 of address 00FE 16 ) is set to "1" when 
the input level of this pin changes from "H" to "L". This 
input level is read into bit 1 of the timer 4 and 5 mode 
register (address 00F8 16 ). 

(10) INT^ (lNiyP3 2 ) 

The INT 2 pin is an interrupt input pin common with P3 2 . 
When P3 2 's directional register is set for input ("0") , 
this pin can be used as an interrupt input. The INT 2 in- 
terrupt request bit (bit 1 of address 00FE 16 ) is auto- 
matically set to "1" when the input level of this pin 
changes from "H" to "L". 

(11) CNTR 

The CNTR pin is an I/O pin of timer 4 and 5. The input 
level is read into bit 0 of the timer 4 and 5's mode reg- 
ister (address 00F8 16 ). 
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Ports PO, P1 



Ports P2, P3 2 



V cc 

-e- 



Directional 
register 



- | Port latch | - 



r 




P Tr1 (mask option) 



I 

V ss 



Ports PO, P1 



Tr1 is pull-up transistor (mask option) 




Tr2 (mask option) 

3 — o 

Ports P2, P3 2 



interrupt control 



circuit — I Tr2 ls 



s pull-up transistor (mask option) 



Ports P3 0( P3i, P3 3l P3 4 , P3 6> P3 7 



Directional 
register 



Data bus 



Port latch 



Vcc Vcc 

-e- 



Vss 



£>_j; 



w 

Vss 



-4 



— o 

Ports P3 0 , P^, P3 3l 
P3 4 , P3 6 , P3 7 



Tr3 is pull-up transistor (mask option) 



Fig.24 Block diagram of ports P0~P3 
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Port P3 5 



CMOS output 



N-channel open drain output 



mask option 



Data bus- 



I Directional |_ 
register I 



- [ Port latch [ - 




Vcc V cc 



Tr5 




' V ss 



777 

V S s 



Tr4 (mask option) 



-o 



Port P3 5 



Tr4 is pull-up transistor (mask option) 

Tr5 is P-channel output transistor (mask option) 



Port P4(SEG 24 ~SEG 31 ) 



CNTR 



RESET 1 Timing circuit [ - 



1^ 



LM 4 



INT, 



Interrupt control circuit- 



-4- 



-O 



Timer control 
circuit and 
timer 4, 5 



^4 



2 



Tr6 (mask option) 



Tr6 is pull-up transistor ( mask option) 



Fig.25 Block diagram of ports P3, P4, CNTR, and \NT, 



COMMON OUTPUT 

V L 



SEGMENT OUTPUT 



Pch 



J^Nch 



O 

COM 0 ~COM 3 



The input signals of each 
transistor gates are controlled 
by duty ratio of LCD and its 
bias mode 



> 



-o 



The voltage that is supplied 
with source of P-channel and 
N-channel transistor is 



SEG 0 ~SEG 2 3 controlled by bias mode 



J^Nch 

V SS 



Fig.26 Block diagram of COM, SEG 
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CLOCK GENERATING CIRCUIT 

The M37415M4-XXXFP has two internal clock generating 
circuit. Figure 29 shows a block diagram of the clock 
generating circuit. Normally, the frequency applied to the 
clock input pin X )N divided by four is used as the internal 
clock (timing output) <f>. Bit 7 of LCD mode register can be 
used to switch the internal clocks to 1/2 the frequency ap- 
plied to the clock input pin X C in- 

Figure 27 shows a circuit example using a ceramic (or 
cystal) oscillator. Use the manufacture's recommended 
values for constants such as capacitance which will differ 
depending on each oscillator. When using an external clock 
signal, input form the X iN (X C in) pin and leave the X 0 ut ( 
Xcout) pin open. A circuit example is shown in Figure 28. 
The M37415M4-XXXFP has two low power dissipation mod- 
es; stop and wait. The microcomputer enters a stop mode 
when the STP instruction is executed. The oscillator (both 
X| N clock and X C in clock) stops with the internal clock <j> 
held at "H" level. In this case timer 1 and timer 2 are forc- 
ibly connected and <f>/4 is selected as timer 1 input. Before 
executing the STP instruction, appropriate values must be 
set in timer 1 and timer 2 to enable the oscillator to stabil- 
ize when restarting oscillation. Before executing the STP 
instruction, the timer 1 count stop bit must be set to supply 
("0") , timer 1 interrupt enable bit and timer 2 interrupt 
enablb bit must be set to disable ("0"), and timer 2 inter- 
rupt request bit must be set to no request ("0"). 
Oscillation is resarted (release the stop mode) when IN^ 
INT 2 , key on wake up or serial I/O interrupt is received. 
The interrupt enaable bit of the interrupt used to release 
the stop mode must be set to "1". When restarting oscilla- 
tion with an interrupt, the internal clock <t> is held "H" unitil 
timer 2 overflows and is not supplied to the CPU. 
The microcomputer enters a wait mode when the WIT in- 
struction is executed. The internal clock 0 stops at "H" 
level, but the oscillator does not stop. <f> is re-supplied (wait 
mode release) the microcomputer receives an interrupt. In- 
structions can be executed immediately because the oscil- 
lator is not stopped. The interrupt enable bit of the interrupt 
used to reset the wait mode must be set to "1" before ex- 
ecuting the WIT instruction. 

Low power disspation operation is also achieved when the 
X| N clock is stopped and the internal clock <f> is generated 
from the X C , N clock. X iN clock oscillation is stopped when 
the bit 6 of serial I/O mode register (address 00F6 16 ) is set 
and restarted when it is cleared. However, the wait time 
until the oscillation stabilizes must be generated with a 
program when restaring. An "L" level must be kept to the 
RESET pin until the oscillation stabilizes when resetting 
while the X, N clock is stopped. Figure 30 shows the transi- 
tion states for the system clock. 



M37415M4-XXXFP 

X|N XouT X C IN X CO UT 




Fig.27 External ceramic resonator circuit 



M37415M4-XXXFP 

XqUT XciN X C OUT 



3o"| 31 25j 26 

External OPEN External OPEN 
oscillating oscillating 
circuit circuit or 

external pulses 

v v ::juuinr Vc 



Fig.28 External clock Input circuit 



AMrrsuast 
ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M37415M4-XXXFP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



o 




1/2 



Internal system 
clock source 
selection LM 7 



Kit 



TM 5 



Timer 1 



Timer 2 



Timer 1 
count source 
selection TM 2 



Timing <f> 
(internal clock) 



Q S 



-STP 
instruction 



n 0 ,_. 

S Q -I L Q S 



WIT — |R 
instruction 



Rj—STP 

instruction 




INT 1 interrupt enable 
INTi interrupt Request 

Timer 1 interrupt enable 
Timer 1 interrupt request 

Timer 2 interrupt enable 
Timer 2 interrupt request 

Timer 3 interrupt enable 

(or serial I/O) 

Timer 3 interrupt request 

(or serial I/O) 

INT 2 interrupt enable 

INT 2 interrupt request 



Fig.29 Block diagram of clock generating circuit 
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At the end of STP instruction, wait time occurs automatically by connection of timers 1 and 2 and changing sys- 
tem clock. This time is set by program. 

2 When SM 6 = 1 and unsys"tem clock is operated, wait time necessary by program until oscillation becomes 
stable, 

3 : The case of example clock X=800kHz, clock X c =32kHz 



Fig.30 External clock input circuit 
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<An example of flow for system> 



Power on reset 
4 

Clock X oscillation 
i 

Internal system clock start (X — *-1/4-* <, 
Program start from RESET vector 



S 



•X c oscillation(SM 5 = 1 , SM 6 = 1 ) 



Normal program 



♦-Operating at 800kHz 



Clock for clock function X c power down (LM 6 : 0 —■ 1 ) 

Internal clock <f> source switching X(800kHz)— X c (32. 768kHz) (LM 7 : 0 — 1 ) 

Clock X halt(X c in operation) (SM 6 = 0 ) 

Internal clock halt(WIT instruction) 
i 

♦Timer 1 (clock count) overflow 
i 

Internal clock operation start (WIT instruction released) 



Clock processing routine 



- Operating at 32. 768kHz 



-Internal clock halt (WIT instruction) 
Interrupts from INTi, timer 2, timer 3 or serial I/O, INT 2 , Key on wake up 
Internal clock operation start (WIT instruction released) 
Program start from interrupt vector 
Unsystem clock X^ oscillation start (SM 6 = 1 ) 



Oscillation rise time routine (software) 



i 

Internal clock 4> source switching X C -*X (LM 7 : 



-—Operating at 32. 768kHz 

0) 



Normal program 



-►Operating at 800kHz 



STP instruction preparation (pushing register ) 



i 

Timer 1 and timer 2 interrupt disable (TM 6 = 0 , IM 4 = 0 ) 

Timer l^count stop bit resetting (TM 5 = 0 ) 

Clock X and clock for clock function X c halt (STP instruction) 



RAM backup status 



Interrupts from INT! or serial I/O, INT 2 ^ key on wake up 
Clock X and clock for clock function X c oscillation start 
Timer 2 overflow (X/1 6 or X c /8— ►timer 1 -*timer2 ) 
Internal system clock start (X/4 or X c /2-+<f>) 
Program start from interrupt vector 



Normal program 



A MITSUBISHI 
ELECTRIC 
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1.0' X, N /4-*X C | N /2 (timing diagrams are shown situation A~C, because there are three kinds of waveform by the timing) 



Situation A 

x, N .JTiTJlJlJlJlXLTU 

(1-LM 7 )R/W 



J 



I 



Xc.N 1/ /' 

' — 1 — 1 i i 

I 1 * 



Situation B 



(1-LM 7 )R/W 



_njiJiJiJiJiri_rL 



SYNC 



t — I 



Situation C 



-rinjinjuirLTL 




SYNC 



2 . <t>\ Xcin/2 — X, N /4 

njiJiii-TUxr^ 

(0-LM 7 )R/W 1/ l \ 

X niN ■ \l l\ 



SYNC 



iZZJ 



Note 1 : The "L" period of the R/W signal is shown the wntlmg timing of setting value to LM 7 
2 : The delay of timing is ignored 



Fig.31 Timing diagram of the changing system clock 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer is 1/(n+1). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program) , those instruction are only valid for the 
contents before the modifications are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) When the timer 4 and the timer 5 are used at event 
counter mode, read the contents of these timers either 
while the input of the these timers are not changing or 
after timer 4, 5 count stop bit (bit 6 of address 00F8 16 ) 
is set to "1". 

Also, when the timer 1, timer 2, or timer 3 is input the 
clock except <t>/4 or it divided by timer, control the 
same as above. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. 

(6) When LCD turn-on bit (bit 3 of address 00F5 1S ) of the 
LCD mode register is "1", don't stop the timers or 
count source for timers. 

(7) The timer 1 and timer 2 must be set the necessary 
value immediately before the execution of a STP in- 
struction. 

(8) Notes on controlling the clock generation circuit 

© When system clock is changed X, N /4 to X C i N /2, set 

LM 7 to "1" after oscillation is stable by the software 

in side of clock X c . 
® When system clock is changed X clN /2 to X, N /4, set 

LM 7 to "0" after oscillation is stable by the software 

in side of clock X. 
(D When SM 5 is "0" or when LM 7 is "0" and SM 6 is "0", 

LM 6 is automatically set to "0" by the hardware. 
® When system clock selection bit (bit 7 of address 

00F5 16 ) of the LCD mode register is "1", don't set 

SM 5 to "0". 

Just for reference, timing diagram of the changing system 
clock are shown in Figure 31. 

(9) In order to avoid noise and latch-up, connect the fol- 
lowing external circuit. 

© Connect a bypass capacitor («-0. 1^F) directly be- 
tween the V cc pin and V ss pin using a heavy wire. 

© Connect a bypass capacitor («0. 1/iF) directly be- 
tween the V REF pin and V ss pin using a heavy wire. 



DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1) mask ROM confirmation from 

(2) mark specification from 

(3) ROM data EPROM 3 sets 

Write the following option on the mask ROM confirmation 
from 

• Port P0 pull-up transistor bit (see the confirmation form) 

• Port P1 pull-up transistor bit (see the confirmation form) 

• Port P2 pull-up transistor bit (see the confirmation form) 

• Port P3 pull-up transistor bit (see the confirmation form) 

• Port P3 5 /S 0 ut output type (see the confirmation form) 

• CNTR pin pull up transistor (see the confirmation form) 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V C c 


Supply voltage 


With respect to Vss 


-0. 3— 7 


V 


v, 


Input voltage for LCD V L 


-0. 3~Vcc+0. 3 


V 


v, 


Input voltage P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7 
P3 0 ~P3 7 , SEG 24 ~SEG3i, X, N 


-0. 3-V cc H-0. 3 


V 


v, 


Input voltage Tnt7, CNV ss , V rrf 


—0. 3~ 7 


V 


v, 


Input voltage RESET, CNTR 


-0. 3-13 


V 


v 0 


Output voltage P0 0 ~P0 7 , P1 0 ~P17. P2 0 ~P2 7 

P3 0 ~P3 7 , COM 0 ~COM 3 , SEG 0 ~SEG 31 

XoUT 


-0. 3~Vcc+0. 3 


V 


V 0 


Output voltage CNTR 


-0. 3— 7 


V 


Pd 


Power disspation 


T a = 25°C 


300 


mW 


Topr 


Operating temperature 




-10—70 


°C 


Tstg 


Storage temperature 




-40—125 


°C 



RECOMMENDED OPERATING CONDITIONS (V cc = = 2. 7-5.5V, V ss = 0V ,T a =-10~70°C .unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage(Note 1 ) 


f(X, N )=3.2MHz 


4.5 




5.5 


V 


f(X, N )=800kHz 


2.5 




5.5 


V S s 


Supply voltage 






0 




V 


V REF 


Supply voltage for DTMF 


R L ^20kn 


1.5 




Vcc-0.5 


V 


V, H 


"H" input voltage P0 0 ~P0 7 , P1 0 ~P1 7 , P3 0 , PS^Note 2), 
P3 3 ~P3 7 (Note 3) 
P4 0 ~P4 7 , RESET, X, N , CNV SS 




0. 8V CC 




Vcc 


V 


V,h 


"H" input voltage P2 0 ~P2 7 , P3 2 , P3 6 (Note 4) 
1NT7, CNTR 




0. 74V CC 




Vcc 


V 


V, L 


"L" input voltage P0 0 ~P0 7 , P1 0 ~P1 7 , P3 0 , PS^Note 2), 
P3 3 ~P3 7 (Note 3) 
P4 0 ~P4 7 , CNVss 




0 




0. 3V CC 


V 


V, L 


"L" input voltage P2 0 ~P2 7 , P3 2 , P3 6 (Note 4) 
INT7, CNTR 




0 




0. 2V CC 


V 


V, L 


"L" input voltage RESET 




0 




0.12V CC 


V 


v, L 


"L" input voltage X M 




0 




0.16V CC 


V 


'oh 


"H" output current P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7 
P3 c ~P3 7 (Note5),X 0 ur 








—2 


mA 


'oL(peak) 


"L" peak output current P0 0 ~P0 7 , P1 0 ~P17. P2 0 ~P2 7 
P3 0 ~P3 7 , CNTR, X 0 uT(Note 6) 








10 


mA 


'oL(avg) 


"L" average output current P0 0 ~P0 7 , P1 0 ~P17. P2 0 ~P2 7 
P3 0 ~P3 7 , CNTR, X 0 uT(Note 7) 








5 


mA 


f(x IN ) 


Clock oscillating frequency (Note 8) 


V C c=4. 5—5. 5V 


380 




3300 


kHz 


V cc =2. 5-5. 5V 


380 




1000 


f(Xc, N ) 


Clock oscillating frequency for clock function 




32 




50 


kHz 



Note 1 : When only maintaining the RAM data minimum value of V cc is 2V 

2 : When using port P3 t as X CiN , 0. 85V CC ^ V, H ^ V cc , 0^V, L S0. 15V CC for port P3! 

3 : In this case of using port P3 6 as normal input. 

4 .* In this case of using port P3 6 as CLK input Especially when the input oscillation frequency is more than 50kHz, recommend the following : 

0. 8V CC ^ V, H ^ Vcc, 0^V, L ^0. 2V CC . 

5 : The total of I 0 h of port P0, P1, P2, P3, X OU t should be 35mA max 

6 : The total of loupeak) of port P0, P1, P2, P3 should be 55mA max, and the total of loL(peak) of port P3, CNTR and X OU t should be 45mA max 
1 '• louavg) is the average current in 100ms 

8 I When using DTMF function, f (X IN ) should be 400kHz, 800kHz, 1 . 6MHz, or 3. 2MHz 
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ELECTRICAL CHARACTERISTICS (Vss = OV, T a =-10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


V 0 H 


"H" output voltage P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7 
P3 0 ~P3 7 (Note l)(Note 2) 


V C c=5V, l OH =-2mA 


3 






V 


V CC =3V, l O H=-0. 7mA 


2 






V 0 H 


"H" output voltage X 0 ut 


V C c=5V, Ioh = -1- 5mA 


3 






V 


V C c=3V, l O H=-0. 3mA 


2 






Vol 


"L" output voltage P0 0 ~P0 7 , P1 0 ~P17, P2 0 ~P2 7 
P3 0 ~P3 7 (Note 2), CNTR 


V C c=5V, l O L=10mA 






2 


V 


V C c=3V, l OL =3mA 






1 


Vol 


"L" output voltage Xout 


V C c=5V, l OL =1.5mA 






2 


V 


V C c=3V ( I O l=0. 3mA 






1 


V t +-V t - 


Hysteresis INT^, CNTR 


V CC ==5V 


0. 25 




1 


V 


V CC =3V 


0.15 




0.7 


V t +-V t _ 


Hysteresis P3 6 


When used as 
CLK input 


V CC =5V 




0. 5 




V 


V CC =3V 




0. 4 




v T+ -v T _ 


Hysteresis P3-| 


When used as 
Xcin input 


V CC =5V 




0. 7 




V 


V CC =3V 




0. 5 




v T +-v T - 


Hysteresis P2 0 ~P2 7> P3 2 


Vcc=5V 




0. 5 




V 


V CC =3V 




0.4 




v T +-v T _ 






V CC =5V 




0.5 


0.7 


V 


Hysteresis RESET 


V CC =3V 




0. 35 




v T +-v T _ 


Hysteresis Xin 


V CC =5V 




0. 5 




V 


V CC =3V 




0. 35 




Iil 


"L" input current SEG 2 4~SEG 31 ( Except reset state) 
|P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7) P3 0 ~P3 7 } 
Without pull-up Tr INT 1( RESET, X, N 


V C c=5V, V,=0V 






-5 


juA 


Vcc=3V ) V,=0V 






-4 


Iil 


"L" input current (P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7 

P3 0 ~P3 7 , CNTRl With pull-up Tr 


Vcc=5V, V,=0V 


—30 


—70 


— 140 


MA 


V C c=3V, V,=0V 


-6 


-25 


-45 


'iL 


"L" input current SEG 24 ~SEG 3 i(at reset state) 


V C c=5V, V L =5V, V,=0V 


-30 




-140 


ma 


V C c=3V, V L =3V, V,==,0V 


— 6 




— 45 


l|H 


"H" input current SEG 24 —SEG 31 ( Except reset state) 
P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7 
P3 0 ~P3 7 , INTl RESET, X, n 


V C c=5V, V,=5V 






5 


juA 


V C c=3V, V,=3V 






4 


I.H 


"H" input current SEG 2 4~SEG 31 (at reset state) 


V C c=5V, V L =5V, V,=5V 






5 


juA 


V C c=3V, V L =3V, V, = 3V 






4 


'cc 


Supply current 


Output pins are opened 
RESET, P0 0 ~P0 7 , 
P1 0 ~P1 7 , P2 0 ~P2 7 , 
and P3 0 ~P3 7 are 
connected to Vcc 
Except the above pins 
are connected to V S s 
However, X )N and X C in are 
input signal according to 
the conditions 


At operation 


f(X IN )=3. 2MHz 
V CC =5V 


at DTMF wave 
form output 




4 


8 


mA 


at DTMF wave 
form stop 




3 


6 


f(X IN )=800kHz 
V CC =3V 


at DTMF wave 
form output 




0.8 


1.5 


at DTMF wave 
form stop 




0. 5 


1. 0 


T a =25°C, X )N = OV 
f(X C iN)=32. 8kHz 
at low power mode 
(LM 6 =1 ) 


V CC =5V 




45 




juA 


V CC =3V 




18 




At wait state 


f(X IN )=3. 2MHz, V CC =5V 




1 




mA 


f(X, N )=800kHz, V CC =3V 




0. 3 




T a =25°C, X| N =OV 
f(X C iN)=32. 8kHz 
at low power mode 
(LM 6 =1 ) 


V CC =5V 




20 


60 


juA 


V CC =3V 




4 


12 


At stop 
state 


f(x IN )=o 
f(x CIN )=o 

V CC =5V 


T a =25°C 




0. 1 


1 


T a =70°C 






10 


II 


V L current 


Vcc=V L =5V,K bias 




10 


25 


MA 


Vcc=V u =3V,K bias 




6 


15 


Iref 


V REF current 


V C c=5V,V REF =4. 5V 




100 


200 


juA 


Vcc=3V,V REF =2. 5V 




60 


120 


Vram 


RAM retention voltage 


f(X IN ) = 0, f(X CIN )=0 


2 




5.5 


V 



Note 1 : Except when the output type of P3 5 is N-channel open drain (mask option) 
2 : If P3 0 is used as X C out. capability of load driving is Jower than the above 
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DTMF CHARACTERISTICS (Vss = OV, T a =-10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max. 


Vqt 


Output voltage T one 


High frequency 
band group 


V CC =5V, V REF =4.5V, R L =20kfi 


470 


490 


510 


mVrms 


V CC =3V, V REF =2.5V, R L =20kfl 


257 


270 


283 


Low frequency 
band group 


V CC =5V, V REF =4.5V, R L =20kfi 


325 


345 


365 


V C c=3V, V REF =2.5V, R L =20kn 


177 


190 


203 


dB C R 


Output ratio of high frequency band to low frequency band 


R L =20kft 


2.5 


3 


3.5 


dB 


DIS 


Disportional percentage 


R L =20kft, T a =25°C 




13 




% 
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DESCRIPTION 

The M37416M2-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
52-pin shrink plastic molded DIP (flat package type also 
available) . This single-chip microcomputer is useful for 
office automation equipment and other consumer applica- 
tions. 

In addition to its simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

The differences between the M37416M2-XXXSP and the 
M37416M2-XXXFP are the package outline and power dis- 
sipation ability (absolute maximum ratings). 

FEATURES 

c Number of basic instructions 69 

• Memory size ROM 4096 bytes 

RAM 128 bytes 

• Instruction execution time 

1//s (minimum instructions at 8MHz frequency) 

• Single power supply f(X, N )=8MHz 5V±10% 

• Power dissipation 

normal operation mode (at 8MHz frequency) •••• 50mW 

• Subroutine nesting 64 levels (max.) 

• Interrupt 9 

• 8-bit timer 2 

• Programmable I/O ports 

(Ports PO, P1, P2, P3, P4, P5) 45 

• UART (full duplex) 1 

• Master CPU bus interface 1 byte 

• Comparator 8-channel 

• Key on wake up 8 

APPLICATION 

Office automation equipment 
Key pad, Key board 



PIN CONFIGURATION (TOP VIEW) 



I/O 
port P5 



I/O 

port P3 



I/O 
port P4 



Reset input 
Clock input 
Clock output 



P5 4 /CNTR 0 
P5 3 /CLK H 
P5 2 /CTS ** H 
PVTxD^E 
P5o/R x D~GE 
P3 7 /DB 7 ~E 
P3 6 /DB 6 ~H 
P3 5 /DB 5 ~E 
P3 4 /DB 4 **E 
P3 3 /DB 3 **IH 
P3 2 /DB 2 **DI 
PVDB! **DI 
_P3 0 /DBo~Il3 
P4 7 /WR/R/W^IH 
P4 6 /RD/E++[H 
P4 5 /CS **■ H 
P4 4 /A 0 ^in 
P4 3 /FW~01 
P4 2 /IBS — C1 
PVOBS^H 
PVINTo^H 
CNVss H 
RESET -> H 

XoUT^H 



2 

CO 



ro 
i 

X 
X 
X 
CO 



I/O port P2 



V cc 
5l]**P2o 
|5|+*P2 1 
49|^P2 2 

4jO~P2 3 
47]~P2 4 
46j**P2 5 
1-P2 6 
44|^P2 7 
43]++ P0 0 
42|**POi 
4j]~P0 2 
40]^P0 3 
39|** P0 4 
iJ^POs 
3?]~P0 6 

U^po 7 

H**P1o 

HI— P11 

P1 2 

u^pi 3 

3l]<*P1 4 
30)++ P1 5 

U^pi 6 
pi 7 

27] — ► </> Timing output 



I/O port PO 



I/O port P1 



P2 3 *>H 

P2 2 **[46 

P2 1 ~[£ 

P2o**[4l 

Vcc H 
NC do 
V ss 0E 
P5 4 /CNTR m 
P5 3 /CLK ++ H 
P5 2 /CTS +* d 
PVTxD^OI 
P5 0 /R X D «- H 



Outline 52P4B 



NNNNOOOOOOOOrrrO 
0.0-0.0.0.0.0.(10.0.0.(10.0.0.2 

tiinnntiini 

WI^^|45||5||iilli?ll»l|ilFlPI^IF]^ial 



o 



M37416M2-XXXFP 



O 



o 



LJl2jl3|l4jl^l6jl2j|8|l9jHl!l||l2lN 

intiiniinnn 

& & & tS & & £ Sfc^W <| |S dq|h 

QQOOQOOQ £ |g ^ >|tl ^. O I? 
CO CO CO CO CO CO CO CO IDC 2 I 
Q. Q. 0. 0. Q. 0. £L Q. > "tf 



28]^P1 3 
2D-P14 
U~P1 5 
H^P1 6 

13— pit 

E v ss 
ID nc 

ID— XoUT 
HI*- XlN 

H] +~ RESET 
HI CNVss 



. CL 0- 



Outline 56P6N 



NC : No connection 
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M37416M2-XXXSP BLOCK DIAGRAM 



Clock Clock Timing 
input output output 

X|N X 0 UT 4> 



Reset 
input 
RESET 

®— 



Clock 
generating 
circuit 



Vcc V ss CNVss 
-®>— -® ® 



II 



RAM 
128 bytes 



Program 




Program 


counter 




counter 


PC H (8) 




PC L (8) 



Note 1 



ROM 
4096 bytes 



8-bit 
arithmetic 

and 
logical unit 



Accumulator 




Processor 
status 




Index 




Index 




Stack 


A(8) 




register PS(8) 




register X(8) 




register Y(8) 




pointer S(8) 



TV 



IPrescaler 
PRE1(8) 



H Timer 1 
TIM. 



| Prescaler I Timer > 
PREX(8) 1 I TX(8) 



Instruction 
register(8) 



Instruction 
decoder 



Control signal 



CNTR 




P0 7 ~P0 0 
I/O port PO 



Note 1 ' Program counter PC H is only 5 bits long 
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FUNCTIONS OF M37416M2-XXXSP 



Parameter 


Functions , 


Number of basic instructions 


69 


Instruction execution time 


1^s (minimum instructions, at 8MHz frequency) 


Clock frequency 


8MHz 


Memory size 


ROM 


4096 bytes 


RAM 


128 bytes 


Input/Output ports 


POo-POV 


I/O 


8-bitX1 


P1 0 ~P1 7 


I/O 


8-bitX1 


P2 0 ~P2 7 


I/O 


8-bitX1 (common with comparator input and key on wake up) 


P3 0 ~P3 7 


I/O 


8-bitX1 (common with data bus of system bus interface) 


P4 0 ~P4 7 


I/O 


8-bitX1 (common with control ports of system bus interface and INT 0 ) 


P5 0 ~P5 4 


I/O 


5-bitX1 (common with UART) 


UART 


1 with programmable baud rate generator 


Timers 


8-bitX2 (with 8-bit prescaler) 


Comparator 


8-bitX1 (port P2) Built-in 3-bit DAC (can be used as variable V T h input port) 


Subroutine nesting 


64 levels (max ) 


Interrupt 


2 external, 6 internal, 1 software interrupts 


System bus interface buffer 


1-byte (separate input and output buffers) 


Clock generating circuit 


Built-in (Ceramic or quartz crystal oscillator) 


Supply voltage 


5V±10% 


Power dissipation 


at operation 


50mW 


at wait mode 


5mW 


at stop mode 


Ta=25°C 


0. 05mW 


Ta=70'C 


0.5mW 


Input/Output 
characteristics 


Input/Output voltage 


V ss -0. 3~Vcc+0. 3 


Output current 


±5mA (max ) 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate 


Package 


M37416M2-XXXSP 


52-pin shrink plastic molded DIP 


M37416M2-XXXFP 


56-pin plastic molded QFP 



3-265 



MITSUBISHI MICROCOMPUTERS 

M37416M2-XXXSP/FP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



PIN DESCRIPTION 



Pin 


Name 


Input/ 

Ai itr\i it 


Functions 


V CC> 

Vss 


Supply voltscj© 




rUWt/l ou[J|Jiy lllfJUlo v)V_J_ IU/(7 IU VCC» ^"U wv iu vss 


CNVss 


CNVss 




This is usually connected to Vss- 


RESET 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2jus (under normal V C c 
conditions). If mor© tirn© is n©©d©d for th© cryst3l oscillator to stdbiliz©, this L condition should be m3in~ 
tamed for the required time 




Olock input 




This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the X| N and Xout pms If an external clock is used, the clock 
sourc© should b© connoctod th© Xin pin snd th© Xout pin should b© loft op©n. 


A OUT 


Olock output 


Oi itm it 




Timing output 


Output 


This is the timing output pin. 


CNTR 


Timer I/O 


I/O 


This is an I/O pin for the timer X 




Intorri mt innut 




Xhic ic th o hinhoct r\rrtc*r intorrimt innnt nin 
■ iiio lo nit; iiiyiicoi ui uci iiiit/iiupL iiipui |jim 


P0 0 ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. The output structure is CMOS output 


P1o~P1 7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same function as port PO. 




I/O port P2 


I/O 


Port P2 is an 8- bit I/O port and has basically the same function as port PO. Analog input of comparator or 
key on wake up function can be selected with a program. 


P3 0 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same function as port PO This port functions as an 8-bit 
data bus for the master CPU when slave mode is selected with a program 


P4 0 ~P4 7 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port and has basically the same function as port PO. P4^~P4 7 change to a control 
bus for the master CPU when slave mode is selected with a program. P4 0 can be used as external interrupt 
input pin. 


P5 0 ~P5 4 


I/O port P5 


I/O 


Port P5 is an 8-bit I/O port and has basically the same function as port PO UART function, CNTR input and 
timer output can be selected with a program 
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FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 



The M37416 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 
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MEMORY 

• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg 
isters relating to functions such as I/O ports and timers. 

• RAM 

RAM is used for data storage as well as a stack area. 

• ROM 

ROM is used for storing user programs as well as the inter 
rupt vector area. 













0000 16 








RAM 










(128 bytes) 












007F 16 






Zero page 




Not used 






00E0 16 
00FF 16 


SFR area 










Not used 






1000 16 








1F00 16 








ROM 










(4096 bytes) 








Special 
page for 










subroutine 
call 




1FF4 16 


Interrupt vector area 






1FFF 16 















Fig. 1 Memory map 



• Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 

• Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

• Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 
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00E0i 6 


Port PO 


OOFO16 


Data bus receive buffer register 




OOEI^ 


Port PO directional register 


OOFI16 


Data bus buffer status register 




00E2 16 


Port P1 


00F2 1 6 


Data bus buffer control register 




0OE3i6 


Port P1 directional register 


00F3i6 


UART transmit buffer register 




O0E4 16 


Port P2 


00F4-I6 


UART receive buffer register 




00E5i6 


Port P2 directional register 


00F5i6 


UART status register 




00E6 16 


Port P3 


OOF616 


UART mode register 




00E7 16 


Port P3 directional register 


00F7 16 


UART control register 




OOE816 


Port P4 


OOF816 


Driver for UART baud rate generator 




00E9i6 


Port P4 directional register 


00F9i6 






OOEA16 


Port P5 


00FA-)6 


Prescaler 1 




00EB 16 


Port P5 directional register 


00FB 16 


Timer 1 




00EC 16 


Comparator control register 


00FC 16 


Timer X prescaler 




00ED 16 


Comparator data register 


00FD 16 


Timer X 




00EE 16 


Interrupt request distinguish register 


00FE 16 


Interrupt control register 




00EF 16 


Data bus transmit buffer register 


00FF 16 


Timer control register 













Fig. 2 SFR (Special Function Register) memory map 
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INTERRUPTS 

Interrupts can be caused by 9 different events. 
Interrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op L 
eration is similar to an interrupt. 

When an interrupt is accepted, the registers are pushed in- 
terrupt inhibit flag I is set, and the program jumps to the 
address specified in the vector table. The reset and BRK 
instruction interrupt can never be inhibited. Other interrupts 
are disabled when the interrupt inhibit flag is set. 
All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. 
Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is "1", interrupt 
request bit is "1", and the interrupt inhibit bit is "0". There 
are two interrupt (three for UART transmit and UART 
receive) the interrupt becomes enable when both enable 
bits are "0". 

The value of bit 3 of the data bus buffer control register 
(address 00F2 16 ) determines whether the interrupt is from 
INT 0 or from key on wake up. Only INT 0 interrupt is effec- 
tive when this bit is "1" at power down condition by STP or 
WIT instruction. When this bit is "1", interrupt is caused by 
inputting "L" level to any port P2 using input mode. The 
value of bit 1 and bit 3 of interrupt request distinguish reg- 
ister (address 00EE 16 ) determine whether the interrupt is 



from input buffer full or from UART receive. When bit 3 is 
"1", the interrupt is from the input buffer full interrupt, and 
bit 1 is "1", the interrupt is from UART receive. Also bit 5 
and bit 7 of interrupt request distinguish register determine 
whether the interrupt is from output buffer empty or from 
UART transmit. When bit 7 is "1 ", the interrupt is from out- 
put buffer empty and when bit 5 is "1", the interrupt is from 
UART transmit. 



Table 1. Interrupt vector address and priority 



Interrupt 


Priority 


Vector address 


RESET 


1 


FFFF 16l FFFE 16 


INT 0 or key on 
wake up 


2 


FFFD 16> FFFC 16 


Timer X 


3 


FFFB 16) FFFA 16 


Timer 1 


4 


FFF9 16) FFF8 16 


Input bus buffer full or 
UART receive 


5 


FFF7 16l FFF6 16 


Output bus buffer full 
or UART transmit 


6 


FFF5 16> FFF4 16 



m i i i i i n 



INT 0 interrupt 

CPU stop signal 
Key on wake up 




UART control register (address 00F7 16 ) 

Bit 4 : CTS function select bit 

Bit 3 : Receive interrupt enable bit 

Bit 1 : Transmit interrupt enable bit 

Bit 0 : UART transmit enable bit 
Interrupt request distinguish register (address 00EE 16 ) 

Bit 7 : Output buffer empty interrupt request bit 

Bit 6 l Output buffer empty interrupt enable bit 

Bit 5 UART transmit interrupt request bit 

Bit 4 '. UART transmit interrupt enable bit 

Bit 3 Input buffer full interrupt request bit 

Bit 2 : Input buffer full interrupt enable bit 

Bit 1 UART receive interrupt request bit 

Bit 0 UART receive interrupt enable bit 
Interrupt contr ol register (address 00FE 16 ) 

Bit 7 INTq or key on wake up interrupt request bit 

Bit 6 * INT 0 or key on wake up interrupt enable bit 

Bit 5 Timer 1 interrupt request bit 

Bit 4 : Timer 1 interrupt enable bit 

Bit 3 * Input buffer full or UART receive request bit 

Bit 2 : Input buffer full or UART receive enable bit 

Bit 1 ". Output buffer empty or UART transmit interrupt request bit 

Bit 0 : Output buffer empty or UART transmit interrupt enable bit 
Timer control register (address 00FF 16 ) 

Bit 7 Timer X interrupt request bit 

Bit 6 '. Timer X interrupt enable bit 



Interrupt request ~C*X~ L lnterru P t d,s able f 
- Reset 



Fig. 3 Interrupt control 
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When the two interrupt requests, which are the same prior- 
ity, are at the same sampling, the priority process is pro- 
cessed by interrupt request distinguish register. 
These request bits can be reset by a program but can not 
be set. The* interrupt requests bits which are in the interrupt 
control register and timer control register are reset auto- 
matically when interrupts are accepted. But the interrupt 
request bits which are in the interrupt request distinguish 
register are not reset automatically, so they must be reset 
by software. The contents of the B flag must be checked to 
determine if the BRK instruction caused or not. 



TIMER 

The M37416M2-XXXSP has two timers; timer X, and timer 
1. Timer X has four modes which can be selected by bit 2 
and 3 of the timer control register. When the timer X count 
stop bit (bit 5) is set to "1", the timer X will stop regardless 
of which mode it is in. A block diagram of timer X, and tim- 
er 1 is shown in Figure 4. The CNTR pin is common with 
P5 4 and can not be used when this pin is used as normal 
port. 

The prescaler has an 8-bit programmable latch used as a 
frequency divider. The division ratio is defined as 1/(n-M), 
where n is the decimal contents of the prescaler latch. All 
timers are down-count timers which are reloaded from the 
timer latch following the zero cycle of the timer (i.e. the cy- 
cle after the timer counts to zero). 

The timer interrupt request bit is set to "1" during the next 
clock pulse after the timer reaches zero. The interrupt and 
timer control registers are located at addresses 00FE 16 and 
00FF 16 , respectively (see interrupt section). The prescaler 
latch and timer latch can be loaded with any number ex- 
cept zero. 



, Data bus 



Oscillator Divider 



f(x, N ) 




1/16 





o- 



When STP - . 

Timer instruction is (prescaler X latch (8)1 
m«w Q executed, this I n I 



lmode executed, this 
I — — 0\ circuit is 



Pulse width test mode\ connected 
\coercively 

O 



Event counter mode 
O 



Pulse output mode 




Timer X latch (8) 



Prescaler X (8) 



FF 16 |_ 



Timer X (8) 



01„ 



to timer X interrupt 
* request bit 



Reset, or STP instruction 



l— Timer X count stop bit (Bit 5 of address O0FF 16 






Toggle flip-flop 









TV 



Data bus 



Prescaler latch ( 



<2- 



Timer 1 latch (8) 





Prescaler (8) 




Timer 1 (8) 







to timer 1 
^interrupt 
request 
bit 



Fig. 4 Block diagram of timer X and timer 1 
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The four modes of timer X as follows: 

(1 ) Timer mode (00] 

In this mode the clock is driven by the oscillator fre- 
quency divided by 16. When the timer down-counts to 
zero, the timer interrupt request bit is set to "1" and 
the contents of the timer's latch is reloaded into the 
timer and the counting begins again. 

(2) Pulse output mode [01] 

, In this mode, the polarity of the P5 4 /CNTR signal is re- 
versed each time the timer down-counts to zero. 

(3) Event counter mode [10] 

This mode operates in the same manner as the timer 
mode except the clock source is input to the CNTR 
pin. This mode will allow an interrupt to be generated 
whenever a specified number of external events have 
been generated. The timer down-counts every rising 
edge of the clock source. 

(4) Pulse width measurement mode [11] 

This mode measures the pulse width (between lows) 
input to the P5 4 /CNTR pin. The timer, driven by the 
oscillator frequency divided by 16, continues counting 
during the low cycle of the CNTR pin. When the timer 
contents reaches "0'\the interrupt request bit is set to 
"1", the timer's reload latch is reloaded and the count- 
ing resumes. 

The structure of the timer control register is shown in 
Figure 5. 

When the STP instruction is executed, or after reset, 
the prescaler and timer latch are set to FF 16 and 01 16> 
respectively. Also, when the STP instruction is ex- 
ecuted, the oscillator's frequency (divided by 16) will 
become the counting source, regardless of the timer X 
mode setting. This state will be released when the tim- 
er X interrupt request bit is set to "1", or after a reset. 
Timer X will then enter the mode specified by its mode 
bits. For more details on the STP instruction, refer to 
the oscillation circuit section. 



W 



Timer control register (Address 00FF 16 ) 
Processor mode bit 



0 0 

0 1 

1 0 

1 1 



Single-chip mode 



-Timer X mode bit 
0 0 : Timer mode 

0 1 : Pulse output mode 

1 0 : Event counter mode 

1 1 Pulse width measurement mode 

- Timer X count stop bit 

0 .' Count start 

1 Count stop 

■ Timer X interrupt enable bit 

0 : Interrupt disable 

1 . Interrupt enable 

- Timer X interrupt request bit 

0 : No interrupt request 

1 : With interrupt request 



Fig. 5 Structure of timer control register 
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BUS INTERFACE 

The M37416M2-XXXSP is equipped with a bus interface 
that is functionally similar to the M5L8041-XXXSP. Its op- 
eration can be controlled with control signals from the mas- 
ter CPU (slave mode). 

The M37416M2-XXXSP bus interface can be connected 
directly to either a R/W type CPU or separate RD, WR type 
CPU. Figure 7 shows a block diagram of the bus interface 
function. 

Slave mode is selected with data bus buffer control register 

(address 00F2 16 ) bit 0 and 1 as shown in Figure 6. 

An input buffer full interrupt occurs when data is received 

from the master CPU and an output buffer empty interrupt 

occurs when data is read by the master CPU. 

In slave mode, ports P3 0 ~P3 7 become a tri-state data bus 

used to transfer data, commands, and status to and from 

the master CPU. 

Furthermore, ports P4 4 ~P4 7 become master CPU control 
signal input pins and P4 1 ~P4 3 becomes a slave status out- 
put pins. 

[Data bus buffer status register] DBBSTS 

This is an 8-bit register. Bits 0, 1 , and 3 are read-only bits 
indicating the status of the data bus buffer. Bits 2, 4, 5, 6, 
and 7 are read/write enabled user-definable flags that can 
be set with a program. The host CPU can only read these 
flags by setting the AO pin to "H". 



I I I I I 



no 



0 

I I Data bus buffer control register 
(address 00F2 16 ) 
Bus interface enable bit 

0 : Inhibit 

1 : Enable (slave mode) 
Bus inte rface mode bit 

0 iRD^WRbus 

1 : R/W bus 
Key on wake up enable bit 

0 : P4 0 

1 : P2 0 ~P2 7 (for key on wake up) 



T_ 



Data bus buffer status register 
(address 00F1 16 ) 

- Output buffer full flag 

0 : Buffer empty 

1 : Buffer full 

- Input buffer full flag 

0 : Buffer empty 

1 : Buffer full 

- User definable flag 
User may freely define this flag 

- AO flag 
Indicates the AO status when the 
IBF flag is set 

- User definable flag 
User may freely define this flag 



Fig. 6 Structure of bus interface relation registers 



P3 0 /DB 0 O 

P3 1 /DB 1 O — 
P3 2 /DB 2 O— 
P3 3 /DB 3 O — 



P3 4 /DB 4 O- 
P3 5 /DB 5 O- 
P3 6 /DB 6 O- 
P3 7 /DB 7 o- 



P4 7 /R/W/W 
P4 6 /E/R C^- 
P4 5 /CS O- 
P4 4 /A 0 O 



Input data 
bus buffer 



A 0 =0 



A 0 =1 




Output data 
bus buffer 



DBBSTS 



Dn 



3> 



Tl , Tl , I I. Tl , 1 . H , T 



H U J I u j I u ,5 I "/I A,, 



t 1 t t 1 



I IBF lOBF 1 



P4 3 /P RD , O- 
P4 2 /IBF O- 



PVOBF O- 



Fig. 7 Bus interface circuit diagram 
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• Output buffer full flag OBF 

This flag is set when data is written in the output data bus 
buffer and cleared when the host CPU reads the data in 
the output data bus buffer. It is initialized to "1" at reset and 
cleared to "0" when the slave mode is selected with the 
bus interface enable bit set. 

• Input buffer full flag IBF 

This flag is set when the host CPU writes data in the input 
data bus buffer and cleared when the slave CPU reads the 
data in the input data bus buffer. This bit is initialized to "0" 
at reset. 

Execute the dummy write instruction to the input data bus 
buffer to clear this flag from the slave CPU side. The con- 
tents of input data bus buffer is not change because it is 
read only register. 



A 0 flag 

The level of the A 0 pin is latched when the host CPU writes 
data in the input data bus buffer. 

[Input data bus buffer] DBBIN 

Data on the data bus is latched in DBBIN when there is a 
write request from the host CPU. The data in DBBIN can 
be read from the data bus buffer register (SFR address 
00F0 16 ). 

[Output data bus buffer] DBBOUT 

Data is written in DBBOUT by writing data in data bus buf- 
fer register (SFR address 00EF 16 ). The data in DBBOUT is 
output to the data bus (P5) when the host CPU issues a 
read request with setting the A 0 pin to "L". 



Table 2. Control I/O pin functions when bus interface function is selected 



Pin 


Name 


Bus interface 
mode bit 


Input/ 
Output 


Function 


P4, 


OBF 




Output 


Status output OBF signal is output 


P4 2 


IBF 




Output 


Status output IBF signal is output 


P4 3 


Prdy 




Output 


Status output The NOR of OBF and IBE is outnput. 


P4 4 


A 0 




Input 


Address input Used to select between DBBSTS and DBBOUT during host CPU read 
Also used to identify commands and data during write 


P4 5 


CS 




Input 


Chip select input Used to select the data bus buffer Select when "L" 


P4 6 


R 


0 


Input 


Timing signal used by the host CPU to read data from the data bus buffer 


E 


1 


Input 


Inputs a timing signal E or inverse of <f> 


P4 7 


W 


0 


Input 


Timing signal used by the host CPU to write data to the data bus buffer 


R/W 


1 


Input 


Input R/W signal used to control the data transfer direction When this signal is "L", 
data bus buffer write is synchronized with the E signal When it is "H", data bus buffer 
read is synchronized with the E signal 
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[Transmit operation] 

When the send data is written to the transmit buffer regis- 
ter, the start bit, the parity bit, and the stop bit are added to 
the data, which is transferred to the transmit shift register. 
The transmit shift register begins shift when it becomes en- 
able for transmission, sending the serial data to TxD pin. 
For the description of the transmit enable state, see Table 3. 
In the transmit enable state, each time transmission of the 
stop bit of the serial data being transmitted has been com- 
pleted, it is checked whether the next data has been writ- 
ten to the transmit buffer register. If the data is found writ- 
ten, transmission of the next data begins. If the data is 
found not written, TxD pin is held at "H" until the next 
transmit data is written, setting the transmitter empty flag. 
When the transmit enable state is cleared during transmis- 
sion, the transmission is stopped after completing the trans- 
mission of the transmit data so far written to the transmit 
buffer register. 

When the transmitter ready flag (bit 0 of the UART status 
register) is "1", it indicates that the transmit buffer is ready 



for writing data. The immediately preceding data is trans- 
ferred from the transmit buffer register to the transmit shift 
register. Every time the start bit is output from TxD pin, this 
flag is set. Every time the transmitter ready flag is set, the 
UART transmit interrupt request bit (bit 5 of the interrupt 
request distinguish register) is set. An interrupt is acknow- 
ledged when two UART transmit interrupt enable bits (bit 1 
of the UART control register, and bit 0 of interrupt control 
register) are all "1" and the interrupt disable flag I is "0". 
Interrupt request bit (bit 1 of interrupt control register) is 
reset when the UART transmit interrupt is accepted. 
Note that an interrupt occurs only in the transmit ready 
state. 

Bit 6 of the UART control register initializes the UART 
transmit side. When this bit "0", the transmit side is in the 
initial state. 



Table 3. Bit and pin status when transmission is ready 



TE 


CTSE 


CTS 


1 


0 


X 


1 


L 



TE : UART transmit enable bit 
CTSE CTS pin function selection bit 
CTS : CTS pin input level 



Data bus 



UART control register 

(address 00F7 16 ) 



UART status register 

(address 00F5 16 ) 



UART mode register 

(address 00F6 16 ) 



(address 00F3 16 ) 



Receive 
buffer 
register 



Receive 

shift 
register 



T 



Start bit detection 
circuit 






Receiv 

CI 


le control 
rcuit 



Baud rate (BRG) 



Baud rate (BRG) 

l 

h/16| -r- 



CTSO- 



(address 00F4 16 ) 



Transmit 
buffer 
register 



Transrr 
ci 


nt control 
rcuit 






Transmit 

shift 
register 



-CTSE 



RxD 



CTS 

■o 



TxD 



Fig. 8 UART block diagram 
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UART 

The M37416M2-XXXSP contains one channel UART. It has 
three pins (TxD (transmit output), RxD (receive input) and 
CTS (clear to send)). The three pins RxD, TxD and CTS 
are common with P5 0 , P5 1 and P5 2 respectively. P5 0 ~P5 2 
are selected to UART function pins when UART enable bit 
(bit 6 of UART mode register) to "1". And it also has a CLK 
pin (the input pin of the external clock for band rate 
generation). This pin is selected as CLK function when the 
synchronous clock for baud rate generating synchronous 
clock select bit (bit 5 of UART mode register) is set to "1". 
An interrupt can be generated at receive and transmit inde- 
pendently. 

[Receive operation] 

Setting the receive enable bit (bit 2 of the UART control 
register) to "1" puts the system in the receive ready state. 
When there is no input of receive data, "H" is input to RxD 
pin. When the falling edge is input to RxD pin and "L" input 
is detected twice consecutively by sampling with the clock 
having a frequency 16 times the baud rate, the start bit is 
triggered. Then, sampling is performed three time in the 
middle of the start bit. When "L" is detected twice or more, 
the receive operation begins, capturing the data bits into 
the receive shift register. If "L" has not been detected 
twice or more, start bit detection begins again. When the 
data bits and parity bit have been captured into the receive 
shift register and the stop bit is detected, the receive data 
is transferred from the receive shift register to the receive 
buffer register, setting the receiver ready flag (bit 1 of the 
UART status register) . If a parity error occurred, the parity 
error flag is set. The framing error flag is set when the first 
stop bit is found "L". If the previous data has not been read 
out of the receive buffer register, the overrun error flag is 
set, clearing the previous data. Execute the dummy write 
instruction to the receive buffer register to clear the receiver 
ready flag. The contents of receive buffer register is not 
changed because it is read only register. Each error flag 
can be reset by writing "1" to the error flag reset bit (bit 7 
of the UART control register). Any of these errors does not 
affect the receive operation. The data bit, the parity bit, and 
the stop bit are sampled three times in the middle of them 
each. When "L" or "H" is detected twice or more, "0" or "1" 
is determined respectively. 

Each time a receive operation has been completed, setting 
the receiver ready flag, the UART receive interrupt request 
bit (bit 1 of the interrupt request distinguish register) is set. 
An interrupt is acknowledged when the two UART receive 
interrupt enable bits (bit 2 of interrupt control register and 
bit 3 of UART control register) are all "1" and the interrupt 
disable flag 1 is "0". The UART receive interrupt request bit 
which is in interrupt control register (address 00FE 16 ) is re- 
set when a UART receive interrupt is acknowledged. 
Setting the receive enable bit (bit 2 of the UART control 



register) to "0" puts the system in the receive stopped 
state. At this time, the receiver ready flag is "0" (ready), 
the receive shift register is in the stopped state, and the 
start bit detection is stopped. 
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[UART divider for baud rate generator] 

This is an 8-bit programmable divider which generates the 
baud rate for the UARTi receive or transmit operation. 
When the setting value is N BR (0 to 255) , the divide ratio 
becomes 1/(N BR +1). There are three count sources; X, N 
clock divided by 2, X, N clock divided by 32, and the exter- 
nal clock. Choose sources by bits 4 and 5 of the UARTi 
mode register. Table 4 shows the baud rate calculation and 
example for each bit combination. 

When the external clock is used, the frequency of the input 
clock must be below 1.6 MHz. Writing to the baud rate 
generating divider must be performed when bits 2 and 6 of 
the UARTi control register are both "0". 



Table 4. Baud rate calculation and example 



EX BR 



Calculation 



baudra,e(bps)= »n- 



baud rate(bps)= 



(X| N ) 



512(N BR +1) 



baud rate(bps)= 



f(CLK) 
16(N BR +1) 



Count source Baud rate 



f(X, N )=8.0MHz 



f(X, N )=7. 3728 MHz 



f(X, N )=1.536MHz 



250000 bps 



4800 bps 



9600 bps 



EX ' Clock selection bit for baud rate generator 

BR : Divide ratio selection bit for baud rate generator 



Data bus 



Baud rate register 



Baud rate counter 



CLK O 



4- 



3^ 



Baud rate (BRG) 



Selection gate '. Connected 
to black colored side at 
reset 



BR 





1/2 




- 








1/32 









■ f(X, N ) 



Fig. 9 Baud rate generating circuit 
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[CTS pin] 

The CTS pin can be used as the 1 -bit I/O port when bit 4 of 
the UART control register is "0". In this case, the input/out- 
put direction can be determined by bit 7 of the UART mode 
register and the output data can be set by bit 5 of the 
UART control register. Additionally, the input level can be 
known by bit 7 of the UART status register. 

[UART mode register] 

This register except the bit 6 is write-only register and can- 
not be read out. Use the LDM instruction to write to this 
register. 

• Parity enable bit: PEN 

Setting this bit to "1" adds a parity bit to the transmit data. 
In a receive operation, this bit is used for parity evaluation. 

• Parity select bit: EVN 

This bit specifies the parity bit to be generated in a trans- 
mit operation and the parity bit to be evaluated in a receive 
operation. Depending on the content of this bit, the number 
of 1 's in data is made even or odd. 

• Character length select bit: CHL 

This bit specifies the character length of data. 

• Stop bit length select bit: ST 
This bit specifies the stop bit length. 

• Baud rate generating prescaler divide ratio select 
bit: BR 

When this bit is "0", the signal obtained by dividing X, N 
clock by 2 becomes the count source of the baud rate di- 
vider. When this bit is "1", the signal is obtained by dividing 
the clock by 32. 

• Baud rate generating synchronous clock selection 
bit: EX 

This bit specifies baud rate synchronous clock. When this 
bit is "1", external clock is input from the clock pin. 

• UART enable bit: UARTE 

P5 0 ~P5 2 is selected UART function when this bit is "1". 

• CTS pin I/O select bit: CTSD 

When this bit is "0", the CTSi pin is the input pin. 

When this bit is "1",.the pin is the output pin. To use the 

CTS pin as the CTS input, set "0". 

[UART control register] 

• Transmit enable bit: TE 

Setting this bit to "1" enables a transmit operation. 

• Transmit interrupt enable bit: TIE 

When this bit is "1", the interrupt in a transmit operation is 
enabled. 



• Receive enable bit: RE 

Setting this bit to "1" enables a receive operation. 

• Receive interrupt enable bit: RIE 

When this bit is "1", the interrupt in a receive operation is 
enabled. 

• CTS pin function se lect bit: CTSE 

When this bit is "1", the CTS pin becomes the CTS input. 

• CTS output data select bit: CTSO 

When this bit is "0", "L" is output. When it is "1", "H" is 
output. 

• Transmit side initialize bit: MR 

When this bit is "0", the transmit side is initialized. 
- Error flag reset select bit: ERST 

Setting this -bit to "1" resets all error flags. When this bit is 
read, "0" is always read. 

[UART status register] 

• Transmitter ready flag: TxRDY 

When this flag is "1", it indicates that the transmit buffer 
register is empty and ready for writing transmit data. 

• Receiver ready flag: RxRDY 

When this flag is "1", it indicates that the receive buffer 
register is holding receive data. When the receive buffer 
register is read, it is cleared. 

• Transmitter empty flag: TEMP 

When this flag is "1", it indicates that neither the transmit 
shift register nor the transmit buffer register hold the data 
to be transmitted. 

• Parity error flag: PE 

This bit is set to "1" when the parity of the received data is 
different from the parity which was set. 

• Overrun error flag: OR 

When this flag is "1", it indicates that, before the data in the 
receive buffer register is read, the next data is transferred 
from the receive shift register to the receive buffer register 
and the previous data is lost. 

• Framing error flag: FE 

This flag is set to "1" when the stop bit is found "L" when 
data is transferred from the receive shift register to the re- 
ceive buffer register. 

• CTS pin input level flag: CTS 

When the input level of the CTS pin is "L", "0" is read, 
when it is "H", "1" is read. 
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CTSD 


UARTE 


EX 


BR 


ST 


CHL 


EVN 


PEN 



UART mode register 
(address 00F6 16 ) 



ERST 


MR 


CTSO 


CTSE 


RIE 


RE 


TIE 


TE 



- Parity enable bit 

0 : Parity disable 

1 '. Parity enable 

- Parity select bit 

0 : Odd parity 

1 '. Even parity 

- Character length select bit 

0 : 7-bit 

1 : 8-bit 

- Stop bit length select bit 

0 : 1 -stop bit 

1 .' 1 -stop bit 

- Baud rate generating prescaler 
divide ratio select bit 

0 '. X| N clock divided by 2 

1 : X| N clock divided by 2 

- Baud rate generating synchronous 
clock select bit 

0 Internal clock 

1 • External clock 

- UART enable bit 

0 : UART disable 

1 : UART enable 

- CTS pin I/O select bit 

0 •* Input 

1 : Output 



UART control register 
(address 00F7 16 ) 

Transmit enable bit 

0 : Transmit disable 

1 I Transmit enable 
Transmit interrupt enable bit 

0 : Interrupt disable 

1 : Interrupt enable 
Receive enable bit 

0 : Receive disable 

1 : Receive enable 
Receive interrupt enable bit 

0 : Disable 

1 Enable 

CTS pin function select bit 

0 : I/O port 

1 : CTS pin 

CTS output data select bit 

0 '. "L" output 

1 : "H" output 
Transmit side initialize bit 

0 .' Initialize 

1 : Transmit enable 

Error flag reset selection bit 

0 : Reset disable 

1 Error flag reset 



















CTS 




FE 


OE 


PE 


TEMP 


RxRDY 


TxRDY 



UART status register 
(address 00F5 16 ) 



Transmitter ready flag 

0 : Transmit buffer full 

1 : Transmit buffer empty 
I Receiver ready flag 

0 '. Receive buffer empty 

1 '. Receive buffer full 
' Transmitter empty flag 

0 '. Exit data for transmit 

1 : No data for transmit 
' Parity error flag 

0 : No error 

1 : Error 

' Overrun error flag 

0 No error 

1 : Error 

' Framing error flag 

0 : No error 

1 Error 

I CTS pin input level flag 

0 : "L" 

1 :"H" 

Note ! Use the LDM instruction to write to this register 

Fig. 10 Structure of registers related to UART 



A 
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COMPARATOR CIRCUIT 

The comparator circuit is shown in Figure 1 1 . The compara- 
tor circuit consists of the switch tree, ladder resistor, com- 
parator, comparator control circuit, comparator control reg- 
ister (address 00EC 16 ), comparator data register (address 
00FD 16 ), and analog signal input pins, P2 0 ~P2 7 . 
These analog input pins are common with the digital input/ 
output terminal to the data bus. 

The 3-bit comparator register can generate 1/8V cc -step in- 
ternal analog voltage, based on the settings of bits 0 to 2. 
Table 5 gives the relation between the descriptions of com- 
parator register bits 0 to 2 and the generated internal ana- 
log voltage. The comparator result of the analog input vol- 
tage and the internal analog voltage is stored in the compa- 
rator data register. 

The digital value corresponding to the internal analog vol- 
tage to be compared is written in the comparator control 
register (address 00FC 16 ) , bits 0 to 2. The voltage com- 
parision starts as soon as the writing is completed. 4-cycle 
(required for comparating) later, the result of comparision 
is stored in the comparator data register. Each bit of com- 
parator data register is "1" when analog input voltage > in- 
ternal analog voltage and "0" when analog input voltage < 
internal analog voltage. 

When voltage is compared to by setting bits 0 to 2 of the 
comparator register "0", each bit of the comparator data 
register becomes "1" regardless of the analog input vol- 
tage. The reference voltage is generated for 4 cycles, 
when ladder resistor is ON. The ladder resistor is OFF for 
current power save, when the comparator does not operate. 



Since the comparator consists of the capacitive coupled 
configuration, f (X lN ) is needed larger than 1MHz during 
comparision. 



Table 5. Relationship between the contents of 

comparator register and internal voltage 



Comparator register 


Internal analog voltage 


bit 2 


bit 1 


bit 0 


0 


0 


1 


1/8Vcc-1/16V cc 


0 


1 


0 


2/8V cc -1/16Vcc 


0 


1 


1 


3/8V C c-1/16Vcc 


1 


0 


0 


4/8V cc -1/16Vcc 


1 


0 


1 


5/8V C c-1/16Vcc 


1 


1 


0 


6/8V C c-1/16Vcc 


1 


1 


1 


7/8V C c-1/16Vcc 



P2(8) 



P2 7 



P2 6 

O- 



data bus 



Comparator 
data register 




Comparator 
^^^orrmara 



(address 00E D 16 ) 

TTTl Q 



Comparator control register 
(address 00EC 16 ) 



Comparator 



P2 0 J 

O ^~ 



^^or 



Comparator 



Eh 



Switch tree 



Comparator connection signal 



Comparator 

control 

circuit 
I 



Ladder resistor connection * 
signal v ss ( 



Fig. 11 Comparator circuit 
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KEY ON WAKE UP 

"Key on wake up" is one way of returning from a power 
down state caused by the STP or WIT instruction. If any ter- 
minal of port P2 has a "L" level applied, after bit 3 of the 
data bus buffer control register (KWE) is set to "1", an in- 
terrupt is generated and the microcomputer is returned to 
the normal operating state. As shown in Figure 12, a key 
matrix can be connected to port P2 and the microcomputer 
can be returned to a normal state by pushing any key. 



The key on wake up interrupt is common with the INT 0 in- 
terrupt. When KWE is set to "1", the key on wake up func- 
tion is selected. However, key on wake up cannot be used 
in the normal operating state. When the microcomputer is in 
the normal operating state, both key on wake up and INT 0 
are invalid. 

In order to enter the power down state generated by the 
STP or WIT instruction at the interrupt disable flag (I) is "0" 
and KWE is "1", all of port P2 must be input "H". 



Port P4 0 

directional register 



P4 0 /INT 0 




KWE- 

CPU stop state signal- 



Port P2 ? 
directional register 



P2 'l 



- INT 0 interrupt request signal 



3^ 



Port P2i 

directional register 



P2i J 



P2 0 



Port P2 0 

directional register 



0- 



rh Port PXx 
^ "L" level output 



Fig. 12 Block diagram of port P2 and P3 2 , and example of wired at used key on wake up 
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RESET CIRCUIT 

The M37416M2-XXXSP is reset according to the sequence 
shown in Figure 15. It starts the program from the address 
formed by using the content of address 1FFF 16 as the high 
order address and the content of the address 1 FFE 16 as the 
low order address, when the RESET pin is held at "L" level 
for more than 2jus while the power voltage is in the recom- 
mended operating condition and the crystal oscillator 
oscillation is stable and then returned to "H" level. The in- 
ternal initializations following reset are shown in Figure 14. 
An example of the reset circuit is shown in Figure 13. 
When the power on reset is used, the RESET pin must be 
held "L" until the oscillation of X )N -Xout becomes stable. 



M37416M2-XXXSP 



23 



Jt ►h 



52 



0V- 



OV ■ 



• 4.5V 



■0. 6V 



M37416M2-XXXSP 



RESET Vcc 



23 




Supply voltage 
detection circuit 



(1) Port PO directional register 

(2) Port P1 directional register 

(3) Port P2 directional register 

(4) Port P3 directional register 

(5) Port P4 directional register 

(6) Port P5 directional register 

(7) Comparator control register 

(8) Interrupt request distinguish register 

(9) Data bus buffer status register 

(10) Data bus buffer control register 

(11) UART mode register 

(12) UART control register 

(13) Prescaler X 

(14) Timer X 

(15) Interrupt control register 

(16) Timer control register 

(17) Interrupt disable flag for 
processor status register 

(18) Program counter 



Address 
(E1 16 )- 
(E3 16 )- 
(E5 16 )- 
(E7 16 )- 
(E9 16 )- 
(EB 16 )- 
(EC 16 )- 
(EE 16 )- 
(F1 16 )- 
(F2 16 ) •• 
(F6, 6 )- 
(F7 16 )- 
(FC 16 )- 
(FD 16 )- 
(FE 16 )- 
(FF 16 )- 
(PS)- 

(pc h )- 
(pc l )- 



oo 16 



oo 16 



oo 16 



■ - 0 0 0 0 0 



oo 1£ 



XX X X X X 0 1 



0 0 0 0 X 0 0 0 



X 0 0 0 0 0 0 0 



FF 16 



0 0 0 X 0 0 0 0 



Contents of address 
1FFF 16 



Contents of address 
1FFE 16 



Since the contents both registers other than those listed above and the 
RAM are undefined at reset, it is necessary to set initial values 
Note '. * means mask option 



Fig. 14 Internal state of microcomputer at reset 



Fig. 13 Example of reset circuit 



f<x-> _JUllf 



Internal RESET 
SYNC 
Address 
Data 



jinjuuuuir 



8 — 12 clock cycles 



3CI)(ZXIXIXIX!^X^)C: 



Reset address from 
the vector table 



Note 1 : Frequency relation of f(X, N ) and <t> is f(X )N )=4-0 
The mark " ? " means that the address is changing 
depending upon the previous state 



Fig. 15 Timing diagram at reset 
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I/O PORTS 

(1) PortPO 

Port PO is an 8-bit I/O port with CMOS output. 
As shown in the memory map (Figure 1), port PO can 
be accessed at zero page memory address 00E0 16 . 
Port PO has a directional register (address 00E1 16 ) 
which can be used to program each individual bit as 
input ("0") or as output ("1"). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 

(2) Port P1 

Port P1 has the same function as port PO. The I/O level 
is TTL compatible. 

(3) PortP2 

Port P2 has the same function as PO. Following the ex- 
ecution of STP or WIT instruction, P2 can be used to 
generate the "wake up mode". This mode is used to 
bring the microcomputer back in its normal operating 
mode after being in the power-down mode. Also this 
port has comparator function. For more detailes, see 
the comparator information. 

(4) PortP3 

This is an 8-bit I/O port with function similar to port PO. 
When slave mode is selected with a program, all ports 
change to the data bus for the master CPU. In this 
case, port input/output is unaffected by the directional 
register. The I/O level is TTL compatible. 



(5) PortP4 

This is an 8-bit input/ output port with function similar to 
port PO. When slave mode is selected with a program, 
ports P4i~P4 7 change to the control bus for the bus in- 
terface function. In this case, port input/output is un- 
affected by the directional register. 
Port P4 0 are shared with the external interrupt input pin 
(INT 0 ). The INT 0 interrupt constantly monitors the sta- 
tus of this port and generates an interrupt at a valide 
edge. Therefore, if the INT 0 interrupt is not used, it 
must be disabled and if it is used, this port must be set 
to input. The I/O level of port P4 is TTL compatible ex- 
cept the case that the input level of some ports which 
function as INT 0 . A 0 or CS are CMOS compatible. 

(6) PortP5 

Port P5 is an 5-bit I/O port with function similar to port 
PO. All pins have program selectable dual functions. 
When a UART function is selected, the input and output 
from pms P5 0 ~P5 3 are determined by the contents of 
the UART mode register and UART control register. 
Port P5 4 is common with CNTR pin. 
The I/O level is TTL compatible except the case when 
some ports which function as RxD, CTS, CLK and 
CNTR are CMOS compatible. 

(7) Clock <j> output pin 

This is the timing output pin. When selected the main 
clock (X| N -X 0 ut) as the internal system clock, the 
clock frequency divided by four is outputed. 
"H" is output from this pin when STP or WIT instruction 
is executed. 
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Port PO, P1 



,i — j Directional register | 



Data bus - 



Data register | — 



J 



-5= 



Port P2 



j Directional register "| — 



Data register j — 

^4 



Key on wake up circuit . 
Comparator on signal - 
Comparator circuit - 




S3- 



P3 0 ~P3 7 



P4 5 /cs -a>_^ 

P4 6 /R 

Bus interface enable bit — 

-< 



Data bus 




— ln P ut agister 



(J)P3 0 does not have a status register and OBF flag is set 
(DP3! does not have a status register and IBF flag is set. 
(DP3 3 does not have a status register and A 0 flag is set 



P4 0 



Hi 



Data bus - 



Directional register J- 



Data register f - 



Interrupt input — 



P4 n ~P4 3 



Bus interface enable bit 



Data bus 




P4 4 ~P4 7 



Parallel ready output — J> 



DBB control output P4! OBS output 

P4 2 IBS o utput 

P4 3 Pr D y output 



Bus interface enable bit . 

— < — 



i — — jPirectional registerj - 



5- 



DBB control input 

DBB control input P4 4 A 0 input 

P4 5 CS input 

P4 6 R/E input 

P4 7 W/R/W input 



Fig. 16 Ports P0~P6 block diagram 
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P5 0 



UART enable bit -fco-j 

— o 

1 Dlrectlonal register | — 



a register *j - 



UART «^ 



P5i 



Data bus - 



UART enable bit 

0 



I Directional register I- 



Data register J — 

-ft 



UART output -J> 



CTS pin I/O selection bit — . 

CTS pin function selection bit — -— ] V 
UART enable bit ' ' 

CTS function selection bit 
UART enable bit 

< 



5 



_ j Directional register j — 



Data register 



-5- 



CTS output — 1> ' CTS input 



UART enable bit 
Baud rate generating DO>i 
synchronous clock select bit 
< 



Data bus - 



■I Directional register f 



Data register 



I 



External clock input — 



P5 4 



1 Directional register | 



Data bus - 



Data register | — 



-5- 



Pulse output mode- 



Timer output - 



Event counter input 
Event interrupt input 



Fig. 17 Ports P5 and <t> block diagram 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
21. 

When the STP instruction is executed, the oscillation of in- 
ternal clock ^ is stopped in the "H" state. 
Also, the prescaler X and timer X are loaded with FF 16 and 
01 16 , respectively. The oscillator (dividing by 16) is then 
connected to the prescaler input. This connection is cleard 
when timer X overflows or the reset is in, as discussed in 
the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the internal clock <f> keeps its "H" level until timer 
X overflows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 
When the WIT instruction is executed, the internal clock <f> 
stops in the "H" level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 

To return from the stop or the wait status, the interrupt en- 
able bit must be set to "1" before executing STP or WIT in- 
struction. Especially, to return from the stop status, the tim- 
er X count stop bit (bit 5 of address 00FF 16 ) must be set to 
"0" before executing STP instruction. 
The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figures 18 and 19. 
The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock uasge is shown in Figure 20. 
X| N is the input, and X Q ut is open. 




Fig. 19 External ceramic resonator (capacity built-in 
type) circuit 









M37416M2-XXXSP 










24 1 25 




Open 




External 




oscillating 




circuit 





Fig. 20 External clock input circuit 



Interrupt 
request 

Interrupt 
disable flag I 




STP instruction - 
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WIT 
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S Q 



□ 



Q S 



KJ- 
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EM 



6 



Internal clock (f> 



1/2 






1/8 





6 



Prescaler X 



Timer X 



Overflow 



Timer X converter stop bit 



Xou' 



Fig. 21 Block diagram of clock generating circuit 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer and the prescaler is 
1/(n+1). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(3) When the timer X or timer 1 is input the clock except 0/4 
or it divided by timer, read the contents of these timers 
either while the input of these timers are not changing 
or after counting of timers are stopped. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. 

(6) The STP instruction must be executed after setting tim- 
er X count enable bit to enable "0", timer X interrupt 
enable bit to inhibit ("0"), and timer X interrupt request 
bit to no request ("0"). 

(7) Use the LDA (immidiate, T=1) instruction to modify 
the interrupt request distinguish register. SEB and CLB 
instructions can be used only when interrupts in the 
register are not generated at executing these instruc- 
tions. 

(8) Do not write any data into an address where no regis- 
ter nor port is assigned. 

(9) The power current is max. 10mA in DC. However, be- 
cause a rush current and a bus charge-discharge cur- 
rent flow transiently, a bypass capacitor must be con- 
nected between V ss and V cc . 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

• mask ROM order confirmation form 

• mark specification form 

• ROM data EPROM 3 sets 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to Vss 
Output transistors are 
at "off" state. 


-0. 3~ 7 


V 


V, 


Input voltage X| Nl RESET 


-0. 3— 7 


V 


v, 


Input voltage P0 0 ~P0 7 , P1 0 ~P17, P2 0 ~P2 7 , 

P3 0 ~P3 7 , P4 0 ~P4 7 , P5 0 ~P5 4> CNV SS 


-0. 3~V cc +0. 3 


V 


V 0 


Output voltage P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7l 
P3 0 ~P3 7 , P5 0 ~P5 4 , Xout. <t> 


-0. 3- Vcc+0. 3 


V 


Pd 


Power dissipation 


T a = 25°C 


1000(Note 1) 


mW 


Topr 


Operating temperature 




-10—70 


°C 


Tstg 


Storage temperature 




-40—125 


°C 



Note 1 : 500mW in case of the flat package 



RECOMMENDED OPERATING CONDITIONS 

(V C c=5V±10%, Ta=— 1 0~70^C unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm. 


Typ 


Max 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


V SS 


Supply voltage 




0 




V 


V,H 


"H" input voltage RESET, X| N , CNVss(Notel) 


0. 8V CC 




V CC 


V 


V, H 


"H" input voltage P1 0 ~P1 7 , P3 0 ~P3 7 , P4 0 ~P4 7 , 
P5 0 ~P5 4 , (expect Note 1) 


2.0 




Vcc 


V 


V, H 


"H" input voltage P0 0 ~P0 7 , P2 0 ~P2 7 (Note 2) 


0. 7V CC 




Vcc 


V 


V, L 


"L" input voltage CNV SS (Note 1 ) 


0 




0. 2V CC 


V 


V, L 


"L" input voltage P1 0 ~P1 7 , P3 0 ~P3 7 , P4 0 ~P4 7 , 
P5 0 ~P5 4 , (expect Note 1 ) 


0 




0.8 


V 


V lu 


"L" input voltage P0 0 ~P0 7 


0 




0. 3V CC 


V 


V, L 


"L" input voltage P2 0 ~P2 7 (Note 2) 


0 




0. 26V CC 


V 


V, L 


"L" input voltage RESET 


0 




0.1 2 Vcc 


V 


V,l 


"L" input voltage X tN 


0 




0.1 6 Vcc 


V 


loL(peak) 


"L" peak output current P0 0 ~P0 7 , P1 0 ~P1 7 , 
P2 0 ~P2 7 , P3 0 ~P3 7 , 
P5 0 ~P5 4 






10 


mA 


'oL(avg) 


"L" average output current POo~P0 7 , P1o~P1 7 , 
P2 0 ~P2 7 , P3 0 ~P3 7 , 
P5 0 ~P5 4 (Note 3) 






5 


mA 


'oH(peak) 


"H" peak output current P0 0 ~P0 7 , P1 0 ~P1 7 , 
P2 0 ~P2 7 , P3 0 ~P3 7 , 
P5 0 ~P5 4 






-10 


mA 


•oH(avg) 


"H" average output current POo~P0 7 , P1o~P1 7 . 

P2 0 ~P2 7 , P3 0 ~P3 7> 
P5 0 ~P5 4 (Note 3) 






—5 


mA 


f(x IN ) 


Internal clock oscillating frequency 


1 




8 


MHz 



Note 1 : Ports operating as special function pins INT 0 (P4 0 ), A 0 (P4 0 ), CS(P4 5 ), RxD(P5 0 ), CTS(P5 2 ), 
CLK(P5 3 ), CNTR 

2 I See comparator characteristics for input voltage as comparator input 

3 : The total of I 0 l of Port P0, P1, P2 and </> should be 40mA (max.). 

The total of l 0 i_ of Port P3 and P5 should be 40mA (max ) 

The total of I 0 h of Port P0, P1, P2 and^ should be 40mA (max ). 

The total of I Q h of Port P3 and P5 should be 40mA (max.) 
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ELECTRIC CHARACTERISTICS (v cc =5v±io%, v ss = o v, T a =-io~7o°c, f(x lN )=8MHz) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Voh 


"H" output voltage <t> 


l 0 H=-2mA 


Vcc-1 






V 


V 0 H 


"H" output voltage P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7l 
P3 0 ~P3 7 , P5 0 ~P5 4 


I oh = — 5 mA 


Vcc-1 






V 


Vol 


"L" output voltage P0 0 ~P0 7 , P1 0 ~P17, P2 0 ~P2 7 , 
P3 0 ~P3 7 , P5 0 ~P5 4 


Iol =2 mA 






0. 45 


V 


Vol 


"L" output voltage P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7 , 
P3 0 ~P3 7 , P5 0 ~P5 4 


Iol =5 rnA 






1 


V 


V t + ~ V T - 


Hysteresis P2 0 ~P2 7l INT 0 (P4o), Ao(P4 4 ), CS(P4 5 ), 
RxD(P5 0 ), Cfs(P5 2 ), CLK(P5 3 ), CNTR 


Function input level 


0.3 




1 


V 


V T + " V T - 


Hysteresis RESET 








0.7 


V 


V T + - V T _ 


Hysteresis X| N 




0. 1 




0.5 


V 


•lL 


"L" input current P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7l 

do — do n a r) a dc . nc 

roo — ro 7 , r4o — r4 7 , r&o — r0 4 , 

RESET, X| N 


V, =V SS 


-5 




5 


A^A 


llH 


"H" input current P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7 , 
P3 0 ~P3 7 , P4o~P4 7 , P5 0 ~P5 4 , 
RESET, X, N 


V, =V CC 


-5 




5 




Vram 


RAM retention voltage 


At stop mode 


2 






V 


'cc 


Supply current 


f(X, N )=8MHz 

At system operation, comparator not operation^ 






10 


mA 


f(X| N )=8MHz, Comparator is operation, 
At system operation, square wave 






15 


At stop mode 
(Note!) 


Ta=25°C 






1 


juA 


Ta=70°C 


10 



Note 1 : Output pin <t> is open V ss is inputs to ports Comparator conversion is complete condition 



COMPARATOR CHARACTERISTICS (v cc -5v±5%, v cc =ov, T a =25c, f(x 1N )=8MHz) 



Parameter 


Limits 


Unit 


Min. 


Typ 


Max 


Resolution 






(1/8)Vcc 


V 


Internal analog voltage error 






±(1/8)V CC 


V 


Analog input voltage 


0 




V CC 


V 
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TIMING REQUIREMENTS 

Port/Single-Chip mode (Vcc=5V±10%, V ss =0V, T a =-10~70 o C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ 


Max. 


*su(pod— <s ) 


Port PO input setup time 




200 






ns 


tsil(P1D— <f> ) 


Port P1 input setup time 




200 






ns 


tsU(P2D— 0 ) 


Port P2 input setup time 




200 






ns 


tsU(P3D— <t> ) 


Port P3 input setup time 




200 






ns 


*SU(P4D— <f> ) 


Port P4 input setup time 




200 








tsU(P5D— 4> ) 


Port P5 input setup time 




200 






ns 


th(<*— POD) 


Port PO input hold time 




40 






ns 


*h(<*— P1D) 


Port P1 input hold time 




40 






ns 


*h(0— P2D) 


Port P2 input hold time 


Fig 22 


40 






ns 


*h(<* -P3D) 


Port P3 input hold time 




40 






ns 


^h( <t> — P4D) 


Port P4 input hold time 




40 






ns 


th(0 — P5D) 


Port P5 input hold time 




40 






ns 


tc(X IN ) 


External clock input cycle time 




125 




1000 


ns 


tw(X| N L) 


External clock input "L" pulse width 




30 






ns 


tw(X|NH ) 


External clock input "H" pulse width 




30 






ns 


t r (X, N ) 


External clock rising edge time 








20 


ns 


tf(X IN ) 


External clock falling edge time 








20 


ns 



Master CPU bus interface timing (R and W separation type mode) 

(V CC =5V±10%, V ss =0V, T a =-10~70 o C > unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ 


Max 


tsu(cs— R) 


CS setup time 




0 






ns 


tsu(cs— w) 


CS setup time 




0 






ns 


th(R— cs) 


CS hold time 




0 






ns 


th(w— cs) 


CS hold time 




0 






ns 


*SU(A— R) 


Ao setup time 




40 






ns 


*SU(A— W) 


A 0 setup time 


Fig 23 


40 






ns 


th(R-A) 


A 0 hold time 




10 






ns 


*h(w— A) 


Ao hold time 




10 






ns 


tw(R) 


Read pulse width 




160 






ns 


tw(w) 


Write pulse width 




160 






ns 


tsU(D— W) 


Date input setup time before write 




100 






ns 


*h(w— D) 


Date input hold time after write 




10 






ns 



Master CPU bus interface timing (R/W type mode) 

(V CC =5V±10% ( V ss =0V, T a =-10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ 


Max 


tsu(cs— E) 


CS setup time 




0 






ns 


th(E-CS) 


CS hold time 




0 






ns 


*SU(A— E) 


Ao setup time 




40 






ns 


th(E-A) 


A 0 hold time 




10 






ns 


tsil(RW— E) 


R/W setup time 




40 






ns 


th(E— RW) 


R/W hold time 


Fig 23 


10 






ns 


tw(EL) 


Enable clock "L" pulse width 


160 






ns 


tw(EH) 


Enable clock "H" pulse width 




160 






ns 


*r(E) 


Enable clock rising edge time 








25 


ns 


tf(E) 


Enable clock falling edge time 








25 


ns 


tSLl(D— E) 


Data input setup time before write 




100 






ns 


th(E-D) 


Data input hold time after write 




10 






ns 
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SWITCHING CHARACTERISTICS 

POlt/Single-Chip mode (V CC =5V±10%, V S s=0V, T a =-10~70°C, f(X IN )=8MHz unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ. 


Max. 


*d(<*— POQ) 


Port PO data output delay time 


Fig 22 






200 


ns 


tdu-pia) 


Port P1 data output delay time 






200 


ns 


*d(^— P2Q) 


Port P2 data output delay time 






200 


ns 


td(0-P3Q) 


Port P3 data output delay time 






200 


ns 


^d( <t> — P5Q) 


Port P5 data output delay time 






200 


ns 



Master CPU bus interface (R and W separation type mode) 

(V CC =5V±10%, V S s=0V, T a =-10~70 o C, f(X, N )=8MHz unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm. 


Typ. 


Max 


*a(R— d) 


Data output enable time after read 


Fig 23 






120 


ns 


tv(R — D) 


Data output disable time after read 


10 




85 


ns 


tpHL(R— OBF) 


OBF output transmission time after read 






150 


ns 


tpLH(R— PR) 


Prdy output transmission time after read 






150 


ns 


tpHL(W— IBF) 


IBF output transmission time after write 






150 


ns 


tpi_H(W— PR) 


Prdy output transmission time after write 






150 


ns 


Master CPU bus interface (R/W type mode) 

(V CC =5V±10%, V S s=0V, T a =-10~70 o C, f(X, N )=8MHz unless otherwise noted) 


Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ. 


Max 


ta(E-D) 


Data output enable time after read 


Fig.23 






120 


ns 


W(E— D) 


Data output disable time after read 


10 




85 


ns 


tpHL(E— OBF) 


OBF output transmission time after E clock 






150 


ns 


tp|_H(E— IBF) 


IBF output transmission time after E clock 






150 


ns 


tpi_H(E— PR) 


Prdy output transmission time after E clock 






150 


ns 



TEST CONDITION 



Input voltage level : V )H 2. 4V 
V, L 0.4V 

Output test level : V OH 2. 0V 
Vol 0.8V 




Fig. 22 



Test circuit in 
single-chip mode 




Fig. 23 



Master CPU bus interface 
test circuit 
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TIMING DIAGRAM 

Port/single-chip mode timing diagram 
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Master CPU bus interface/ R and W separation type timing diagram 
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Write 
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Master CPU interface/ R/W type timing diagram 
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DESCRIPTION 

The M37420M4-XXXSP and the M37420M6-XXXSP are 
single-chip microcomputers designed with CMOS silicon 
gate technology. All are housed in a 52-pin shrink plastic 
molded DIP. 

These single-chip microcomputers are useful for household 
appliance and other consumer applications. 
In addition to its simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

The differences between the M37420M4-XXXSP and the 
M37420M6-XXXSP are noted below. The following explana- 
tions apply to the M37420M6-XXXSP. 
Specification variations for other chips are noted accor- 
dingly. 



Type name 


ROM size 


RAM size 


M37420M4-XXXSP 


8192 bytes 


192 bytes 


M37420M6-XXXSP 


12288 bytes 


256 bytes 



FEATURES 

• Number of basic instructions 69 

• Memory size ROM • -12288 bytes (M37420M6-XXXSP) 

8192 bytes (M37420M4-XXXSP) 

RAM 256 bytes (M37420M6-XXXSP) 

192 bytes (M37420M4-XXXSP) 

• Instruction execution time 

1/^s (minimum instructions, at 8MHz frequency) 

• Single power supply f(X, N )=8MHz 5V±10% 

• Power dissipation 

normal operation mode (at 8MHz frequency) ••••30mW 

• Subroutine nesting 96 levels (Max.) 

• Interrupt 7 types, 5 vectors 

• 8-bit timer 4 

• Programmable I/O ports (Ports PO, P1, P2, P3, P4) 42 

• Input port (Port P5) 8 

• Serial I/O (8-bit/1 6-bit) 1 

• A-D converter 8-bit successive approximation 

• D-A converter 

• 14-bit PWM function 

• Watchdog timer 

APPLICATION 

VCR, TV, Audio-visual equipment 



PIN 


CONFIGURATION (TOP VIEW) 






P6 3 ~E 




1 V cc 






I/O port 


P6 2 ~U 




H]^P2o 






P6 


PS^DAa ++ H 
PBo/DA^E 




H^P2 1 
H** P2 2 








P4 7 /AN 7 ~[I 




U~P2 3 


I/O port P2 


I/O port 


P4 6 /AN 6 ^E 




47]*+ P2 4 






P4 


P4 5 /AN 5 ~[7 
P4 4 /AN 4 «-*E 




H^P2 5 
H~P2 6 








P37/Sr D y E 


CO CO 


44] « P2 7 








P3 6 /CLK«-[]0 


U**P0 0 








P3 5 /S OU T**E 


--si *N| 


H«- POt 






I/O port 


P3 4 /s,N m 


O O 


40**PO 2 






P3 


P3 3 /CNTR <~ [H 


S ° 2 


U^po 3 


I/O port PO 




P3 2 **[n 


X >< 


39] P0 4 








P^/INTa-^Dl 


>< X 
X X 


H**po 5 








PV'NT! 


CO CO 


37]^P0 6 








P5 7 /PWM^[l7 


Tl tj 


H^po 7 






I/O port 


P5 6 /YPLS «- H 




H^P1o 






P5 


P5 5 /Q^0I 




P1! 








P5 4 /VPLS^H 




m** pi 2 


I/O port P1 


Input port p5 3/T / ED3 — |2j; 




H^pi 3 








CNV SS H 




H~pi 4 






Reset input RESET -* |23 




IKP1 5 






Clock input X| N -*> OE 




H P5 0 /ED 0 




Clock output Xqut <h ~ HI 




P5 1 /ED 1 


Input port 
P5 




V ss 1 




HI P5 2 /ED 2 




Outline 52P4B 
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M37420M6-XXXSP BLOCK DIAGRAM 



r 



Clock input Clock output 

X|N Xqut 

® © 



Reset input 
RESET 



V ss 



CNV S < 



Clock 
generating 
circuit 



Watchdog timer 



TV 



7V 



RAM 
256 bytes 
(Note 2) 



7Y 



7V 



Program 


Program 


counter 


counter 


PC H (8) 


PC U (8) 



ROM 
12288 bytes 
(Note!) 



8-bit 
arithmetic 
and logical 
unit 

77 



Accumulator 

A(8) 

— 7^ 



Processor 
status 
register 
PS(8) 

~7*> 



Index 
register X(8) 





Index 
register Y(8) 

— 



Stack 
pointer S(8) 



7> 



Prescaler 
PRE12(8) 



SI 



Prescaler 
PRE3(8) 




11 



Instruction 
register (8) 

Instruction 
decoder 



1 



Control signal 



Prescaler 




Timer X 


PREX(8) 




TX(8) 




CNTR 



— 0X2X1X4} 

1/0 port P6 




7% 



7Y 



<2 t 

pi (6) i r 



\7 



P0(8) 



I/O port P5 



I/O port P4 



I/O port P3 



I/O port P2 



I/O port P1 



I/O port PO 



Note 1 I 8192 bytes for M37420M4-XXXSP 
2 : 192 bytes for M37420M4-XXXSP 
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FUNCTIONS OF M37420M6-XXXSP 



Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


]/us (minimum instructions, at 8MHz frequency) 


Clock frequency 


8MHz 


Memory size 


ROM 


12288bytes (8192 bytes for M37420M4-XXXSP) 


RAM 


256bytes (192 bytes for M37420M4-XXXSP) 


Input/Output ports 


PO, P1.P2, P3, P4, P5 4 ~P5 7 , P6 


I/O 


8-bitX3, 6-bitX1.4-bit.X3 


P5 0 ~P5 3 


Input 


4-bitX1 


Serial I/O 


8-bitX1 or 16-bitX1 


Timers 


8-bit prescalerX3+8-bit timerX4 


A-D conversion 


8-bitX 1 (4 channels) 


D-A conversion 


8-bitX2 


Pulse width modulator 


14-bitXl 


Watchdog timer 


15-bitX1 


Subroutine nesting 


96 levels (max) 


Interrupts 


Two external interrupts, Three internal timer interrupts (or timerX2, SI/OX 1 ) 


Clock generating circuit 


Built-in (ceramic or quartz crystal oscillator) 


Supply voltage 


5V±10% 


Power dissipation 


at high-speed operation 


30mW (at 8MHz frequency) 


Input/Output characteristics 


Input/Output voltage 


12V (Ports PO, P1, P3) 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate process 


Package 


52-pin shrink plastic molded DIP 
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PIN DESCRIPTION 



Pin 


Nam© 


Input/ 
Output 


Functions 


Vcc, 
Vss 


Supply voltage 




Power supply inputs 5V±10% to V C c. and OV to V S s- 


CNVss 


CNVss 




This is usually connected to V S s- 


RESET 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2a<s (under normal V C c 
conditions) If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time 


X|N 


Clock input 


Input 


This chip has an internal clock generating circuit To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xin and Xout pms If an external clock is used, the clock 
source should be connected the X| N pin and the Xout pm should be left open 


XoUT 


Clock output 


Output 


P0 0 ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional register allowing each I/O bit to be individually programmed as 
input or output At reset, this port is set to input mode 
The output structure is N-channel open drain 


P1 0 ~P1 5 


I/O port P1 


I/O 


Port P1 is an 6-bit I/O port and has basically the same functions as port PO 
The output structure is N-channel open drain 


P2 0 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO, but the output structure is 
CMOS output 


P3 0 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO When serial I/O is used, P3 7 , 

P3 6 , P3 5 , and P3 4 work as S RDY , CLK, Sout. and S| N pins, respectively 

Also P3 3 and P3 2 work as CNTR pin and the lowest interrupt input pin (INT 2 ) , respectively 


P4 4 ~P4 7 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port and has basically the same functions as port PO P42~P4 7 work as analog input 
port AN 4 ~AN 7 


P5 0 ~P5 3 


Input port P5 


Input 


Low-order 4-bit of port P5 is input port These can be used as the edge sence inputs P5 0 ~P52 detect the 
rising edge and P5 3 detects both edges Also, P5 3 is common with the external trigger and V pulse, Y 
pulse generator trigger input 


P5 4 ~P5 7 


I/O port P5 


I/O 


High-order 4-bit of port P5 is I/O port and has basically the same function as port PO P5 7 is common with 
the 14-bit PWM. The output structure is CMOS output 


P6 0 ~P6 3 


Output port P6 


Output 


Port P6 is an 4-bit output port At external trigger output mode, P6 0 and are in common with the trigger 
input pin (T) and the trigger output pin (Q), respectively 
The output structure is N-channel open drain. 
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FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 

The M37420 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 

Timer Control Register 

The timer control register is allocated to address 00FF 16 . 
This register has a stack page bit. 



7 0 
I I I I I I I I I Timer control register (Address 00FF 16 ) 

' — ' Processor mode bit 

0 0 : Single-chip mode 

01 : | 

10: [not used 
1 1 : 1 

' — ' Timer X mode bit 

0 0 ! Timer mode 

0 1 ' Pulse output mode 

1 0 : Event counter mode 

1 1 : Pulse width measurement mode 
1 ; Stack page bit 

0 : 0 page 

1 I 1 page 

' Timer X count stop bit 

0 ! Count start 

1 '. Count stop 

I Timer X interrupt enable bit 

0 : Interrupt disable 

1 '. Interrupt enable 
Timer X interrupt request bit 

0 : No interrupt request 

1 : With interrupt request 



Fig.1 Structure of timer control register 
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MEMORY 

• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 

• RAM 

RAM is used for data storage as well as a stack area. 

• ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 

• Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 



• Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

• Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 



RAM 

(192 bytes) 



00BF ie 



Zero page 



Not used 



00D9 16 



RAM 

(64 bytes) 
for 

M37420M6| Q13F- 



00FF ie 
0100 1€ 



SFR area 



D000 16 



E000 16 



ROM 
(12288 bytes) 
for 

M37420M6 



ROM 

(8192 bytes) 
for 

M37420M4 



FF00 16 



FFF4 16 
FFFF 16 



Interrupt vector area 



Special 
page 
for 

subroutine 
call 



Fig.2 Memory map 
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00D9 16 


D-A conversion register 1 


00EC 16 


Port P5 


00DA 16 


D-A conversion register 2 


00ED 16 


Port P5 latch/directional register 


00DB 16 


V pulse preset value P 


00EE 16 


Port P6 


00DC 16 


V pulse preset value N 


00EF 16 


Port P6 directional register 


00DD 16 


V pulse register 


00F0 16 


Pulse width modulation register H 


00DE 16 


Serial I/O register L 


00F1 16 


Pulse width modulation register L 


00DF 16 


Serial I/O register H 


00F2 16 


Successive approximation register 


OOE0 16 


Port PO 


00F3 16 


A-D control register 


00E1 16 


Port PO directional register 


00F4 16 


Watchdog timer 


00E2 16 


Port P1 


00F5 16 


Serial I/O mode register 


00E3 16 


Port P1 directional register 


00F6 16 


Special function selection register 


00E4 16 


Port P2 


00F7 16 


Timer 3 prescaler 


00E5 16 


Port P2 directional register 


00F8 16 


Timer 3 


00E6 16 




00F9 16 


Timer 1,2 prescaler 


00E7 16 




00FA 16 


Timer 1 


00E8 16 


Port P3 


O0FB 16 


Timer 2 


00E9 16 


Port P3 directional register 


00FC 16 


Timer X prescaler 


00EA 16 


Port P4 


00FD 16 


Timer X 


00EB 16 


Port P4 directional register 


00FE 16 


Interrupt control register 






00FF 16 


Timer control register 



Fig. 3 SFR (Special Function Register) memory map 
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INTERRUPT 

The M37420M6-XXXSP can be interrupted from seven 
sources; INT^ timer X, timer 1, timer 2/serial I/O, or INT 2 / 
BRK instruction. 

However, the INT! pin is used with port P3 0 and the INT 2 
pin is used with port and the corresponding directional 
register bit should be set to "0" when each port used as an 
interrupt input pin. 

The value of bit 2 and bit 3 of the serial I/O mode register 
(address 00F5 16 ) determine whether the interrupt is from 
timer 2 or from serial I/O. When the value of bit 2 and bit 3 
is [00] , the interrupt is from timer 2, and the value of bit 2 
and bit 3 is [01], the interrupt is from serial I/O. Also, when 
the value of bit 2 and bit 3 is [01] , parts of port P3 are 
used for serial I/O. These interrupts are vectored and their 
priorities are shown in Table 1. Reset is included in this 
table since it has the same functions as the interrupts. 
When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, the interrupt dis- 
able flag I is set, the program jumps to the address speci- 
fied by the interrupt vector, and the interrupt request bit is 
cleared automatically. The reset interrupt is the highest 
priority interrupt and can never be inhibited. Except for the 
reset interrupt, all interrupt are inhibited when the interrupt 
disable flag I is set to "1". All of the other interrupts can 
further be controlled individually via the interrupt control 
register shown in Figure 4. An interrupt is accepted when 



the interrupt enable bit and the interrupt request bit are 
both "1" and the interrupt disable flag is "0". 
The interrupt request bits are set when the following condi- 
tions occur: 

(1) When the level of IN^ or INT 2 pin changes 

(2) When the contents of timer X, timer 1, timer 2 (or the 
serial I/O counter) go to "0" 



Table 1. Interrupt vector address and priority 



Interrupt 


Priority 


Vector address 


RESET 


1 


FFFF 16> FFFE 16 


int7 


2 


FFFD 16 , FFFC 16 


Timer X 


3 


FFFB 16> FFFA 16 


Timer 1 


4 


FFF9 16) FFF8 16 


Timer 2 or serial I/O 


5 


FFF7 16) FFF6 16 


INT^(BRK) 


6 


FFF5 16 , FFF4 16 



rO 



Interrupt control register (Address 00FE 16 ) 

Bit 7 : INTi pin interrupt request bit 

Bit 6 : INTi pin interrupt enable bit 

Bit 5 '. Timer 1 interrupt request bit 

Bit 4 : Timer 1 interrupt enable bit 

Bit 3 .* Timer 2 interrupt or serial I/O interrupt request bit 

Bit 2 : Timer 2 interrupt or serial I/O interrupt enable bit 

Bit 1 : INT 2 pin interrupt request bit 

BitO : INT 2 pin interrupt enable bit 



Interrupt 
request 



• — Interrupt disable flag I 



Timer control register (Address 0OFF 16 ) 



Bit 7 : 

Bit 6 : 

Bit 5 : 

Bit 4 : 

Bit 3 : 

Bit 2 : 

Bit 1 : 

BitO : 



Timer X interrupt request bit 
Timer X interrupt enable bit 
Timer X count stop bit 
Stack page bit 

| Timer X mode bit 
1 Processor mode bit 



Fig.4 Interrupt control 
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The change in level at which the INT pins generate a inter- 
rupt varies according to the content of bits 4 and 5 of the 
special function selection register (address 00F6 16 ). When 
these bits are "0", the interrupt request is generated when 
INT changes from high-level to low-level. When these bits 
are "1", the interrupt request is generated when INT 
changes from low-level to high-level. Bits 4 and 5 corres- 
pond to INTi and INT 2 respectively. 

These request bits can be reset by the program but can not 
be set by the program. However, the interrupt enable bit 
can be set and reset by the program. 
Since the BRK instruction and the INT 2 interrupt have the 
same vectored address, the contents of the B flag must be 
checked to determine if the BRK instruction caused the in- 
terrupt or if INT 2 generated the interrupt. 

TIMER 

The M37420M6-XXXSP has four timers; timer X, timer 1, 
timer 2 and timer 3. Since P3 (in serial I/O mode) and tim- 
er 2 use some of the same architecture, they cannot be 
used at the same time (see serial I/O section) Timer X 
has four modes which can be selected by bit 2 and 3 of the 
timer control register. When the timer X count stop bit (bit 
5) is set to "1", the timer X will stop regardless of which 
mode it is in. A block diagram of timer X, timer 1, timer 2 
and timer 3 is shown in Figure 5. 

The P3 3 /CNTR pin cannot be used as CNTR when P3 3 is 
being used in the normal I/O mode. 

Timer 1 and timer 2 share with a prescaler. This prescaler 
has an 8-bit programmable latch used as a frequency di- 
vider. The division ratio is defined as 1/(n+l), where n is 
the decimal contents of the prescaler latch. All four timers 
are down-count timers which are reloaded from the timer 
latch following the zero cycle of the timer (i.e. the cycle af- 
ter the timer counts to zero). 

The timer interrupt request bit is set to "1" during the next 
clock pulse after the timer reaches zero for timer 1, timer 2 
and timer X. The interrupt and timer control registers are 
located at addresses 00FE 16 and 00FF 16 , respectively (see 
Interrupt section). The prescaler latch and timer latch can 
be loaded with any number. 
The four modes of timer X as follows* 

(1) Timer mode [00] 

in this mode the clock is driven by the oscillator fre- 
quency divided by 16. When the timer down-counts to 
zero, the timer interrupt request bit is set to "1" and 
the contents of the timer's latch is reloaded into the 
timer and the counting begins again. 

(2) Pulse output mode [01] 

In this mode, the polarity of the CNTR signal is re- 
versed each time the timer down-counts to zero. 

(3) Event counter mode [10] 

This mode operates in the same manner as the timer 
mode except, the clock source is input to the CNTR 



pin. This mode will allow an interrupt to be generated 
whenever a specified number of external events have 
been generated. The timer down-counts every rising 
edge of the clock source. 
(4) Pulse width measurement mode [11] 

This mode measures the pulse width (between lows) 
input to the CNTR pin. The timer, driven by the oscilla- 
tor frequency divided by 16, continues counting during 
the low cycle of the CNTR pin. When the timer con- 
tents reaches "0",the interrupt request bit is set to "1", 
the timer's reload latch is reloaded and the counting 
resumes. 

The structure of the timer control register is shown in 
Figure 6. 

When the STP instruction is executed, or after reset, 
the prescaler and timer latch are set to FF 16 and 01 16 , 
respectively. Also, when the STP instruction is ex- 
ecuted, the oscillator's frequency (divided by 16) will 
become the counting source, regardless of the timer X 
mode setting. This state will be released when the tim- 
er X interrupt request bit is set to "1", or after a reset. 
Timer X will then enter the mode specified by its mode 
bits. For more details on the STP instruction, refer to 
the oscillation circuit section. 

The function of timer 3 is as same as that of timer 1 
and timer 2, with the exception that the detection of its 
overflow is known by the overflow bit (bit 3 of address 
00EF 16 ). When the timer down-counts to zero, the over- 
flow bit is set to "1" and the contents of the timer's 
latch is reloaded into the timer. 
The reset of the overflow bit is made by; 

a) hard ware reset 

b) write "0" to overflow bit 

c) write instruction to timer 3 

The structure of special function selection register is 
shown in Figure 7. 
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Data bus 



Oscillator Divider 
|f(X IN )|— |l7l6| 



P3 3 /CNTR 

o— 



Timer mode I 



Pulse width measurement 
mode 



When STP instructions are 
executed, this circuit is 
connected 
coercively. 



Prescaler latch (8) 



Event counter mode 






V 




[Timer X latch (8)| 


\ 


I 





Pulse output mode 



FF 16 l_ 



01i, 



_ Timer X count stop bit 
(Bit 5 at address 00FF 16 ) 



Toggle flip-flop 



Reset, or 
STP 
instruction 



Data bus 



Prescaler latch (8) 



|Timer3 latch (8) 



Prescaler (8) 



Timer3 (8) 









OF 



Timer 3 overflow bit 
(Bit 3 at address 0OEF 16 ) 



I Prescaler latch 



(8)j 



Data bus 



Timer! latch (8) 



Timer 2 latch (8) 




to timer 2 or 
serial I/O 
interrupt 
request bit 



Serial I/O mode register (Address 00F5 16 ) 



4 0 



Fig.5 Block diagram of timer X, timer 1 , timer 2, and timer 3 
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I Timer control register (Address 00FF 16 ) 



- Processor mode bit 

00 : Single-chip mode 

01 : 

10 \ not used 

11 : 



- Timer X mode bit 

00 : Timer mode 
- 01 Pulse output mode 

10 : Event counter mode 

11 : Pulse width measurement mode 

- Stack page bit 

0 '. 0 page 

1 1 1 page 

■ Timer X count stop bit 

0 : Count start 

1 ' Count stop 

Timer X interrupt enable bit 

0 : Interrupt disable 

1 : Interrupt enable 

- Timer X interrupt request bit 

0 : No interrupt request 

1 : With interrupt request 



EL 



Special function selection register 
(Address 00F6 16 ) 
P5 7 /PWM selection bit 

0 : normal port 

1 : PWM output 

- External trigger mode selection bit 

0 : P5 5 port 

1 I P5 5 external trigger output 



- Timer 3 overflow bit 

0 *. Timer 3 not overflow 

1 : Timer 3 overflow 

- INT-i mpgt porality selection bit 

0 interrupt by falling edge 

1 interrupt by rising edge 

- INT 2 input porality selection bit 

0 '. interrupt by falling edge 

1 ' interrupt by rising edge 



Fig .7 Structure of special function selection register 



Fig.6 Structure of timer control register 



SERIAL I/O 

A block diagram of the serial I/O is shown in Figure 8. 
In the serial I/O mode the receive ready signal (S RDY ), syn- 
chronous input /output clock (CLK), and the serial I/O pins 
(Sout. S| N ) are used as P3 7 , P3 6> P3 5 , and P3 4 , respectively. 
The serial I/O mode register (address 00F5 16 ) is a 6-bit 
register. Bits 1 and 0 of this register is used to select a 
synchronous clock source. 

When these bits are [00] or (01) , an external clock from 
P3 6 is selected. When these bits are (10} , the overflow sig- 
nal from timer 2, divided by two, becomes the synchronous 
clock. Therefore, changing the timer period will change the 
transfer speed. When the bits are [11) , the oscillator fre- 
quency divided by 16, becomes the clock. 
Bit 2 to 4 decide whether parts of P3 will be used as a se- 
rial I/O or not. When bit 3 is "0" and bit 2 is "1", P3 6 be- 
comes an I/O pin of the synchronous clock. When an inter- 
nal synchronous clock is selected, the clock is output from 
P3 6 . If an external synchronous clock is selected, the clock 
is input to P3 6 and P3 5 will be a serial output and P3 4 will 
be a serial input. To use P3 4 as a serial input, set the direc- 
tional register bit which corresponds to P3 4 to "0". For more 
information on the directional register, refer to the I/O pin 
section. 



To use the serial I/O, bit 3 and bit 2 need to be set to "01", 
if they are "00" P3 6 will function as a normal I/O. Interrupts 
will be generated from the serial I/O counter instead of 
timer 2. Bit 4 determines if P3 7 is used as an output pin for 
the receive data ready signal (bit 4=1, S RDY ) or used as 
normal I/O pin (bit 4 = 0). Bit 5 determines the serial I/O 
mode. If this bit is "0", serial I/O becomes 8-bit mode and 
this bit is "1", serial I/O becomes 16-bit mode. The serial I/O 
function is discussed below. The function of the serial I/O 
differs depending on the clock source; external clock or in- 
ternal clock. 

Internal clock— The S RD y signal becomes "H" during trans- 
mission or while dummy data is stored in the serial I/O reg- 
ister (address 00F7 16 ). Data is stored only to the serial I/O 
register L (address 00DE 16 ) in 8-bit mode, and stored 
high-order 8-bit to serial I/O register H (address 00DF 16 ) 
at first, then low order 8-bit to serial I/O register L 
(address 00DE 16 ) in 16-bit mode. After the falling edge of 
the write signal, the S RD y signal becomes low signaling that 
the M37420M6-XXXSP is ready to receive the external se- 
rial data. The 

S R qy signal goes "H" at the next falling edge 
of the transfer clock. The serial I/O counter is set to 7 in 8- 
bit mode and 15 in 16-bit mode when data is stored in the 
serial I/O register. At each falling edge of the transfer 
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Oscillator Divider 



X, N Q 



P3 7 Q <T 



P3eQ 



P3 5 Q 



P3 4 Q 




to timer 2 or 
serial I/O interrupt 
request bit 



Serial I/O mode register (Address 00F5 16 ) 



— Synchronous clock selection bit 

00 :| 

nj . External clock 

01 :| 

10 : Timer 2 overflow signal divided by 2 

11 I Oscillation frequency divided by 16 

J 1 Serial I/O port selection bit (P3 5) P3 6 ) 

00 : Normal I/O port 

01 : Serial I/O port 
10 : | 

^ . Not used 

S RDY signal output selection bit (P3 7 ) 

0 : Normal I/O port 

1 : Srdy signal output pin 

1 Serial I/O mode selection bit 

0 : 8-bit mode 

1 : 16-bit mode 

Fig.8 Block diagram of serial I/O 
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clock, serial data is output to P3 5 . During the rising edge of 

this clock, data can be input from P3 4 and the data in the 

serial I/O register will be shifted 1 bit. 

Data is output starting with the LSB. After the transfer clock 

has counted 8 or 16 times, the serial I/O register will be 

empty and the transfer clock will remain at a high level. At 

this time the interupt request bit will be set. 

External clock — If an external clock is used, the interrupt 



request will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 
Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
250kHz at a duty cycle of 50% . The timing diagram is 
shown in Figure 9. An example of communication between 
two M37420M6-XXXSPs is shown in Figure 10. 



Synchronous clock 



njrru~L_n_ri_r^nj~ux^ 



Transfer clock 



Serial I/O register . 
write signal 

Serial I/O output ' 

SoUT 



Serial I/O input 



ljput 

S|N 



Receivable signa l 

Srdy 



n I 


\ 






\ 






X D » 
























u 





Interrupt request bit set 



Fig.9 Serial I/O timing 



Sending side 



Serial I/O mode register 
bit 5 bitO 



0 0 0 1 



Set the directional 
register for P3 7 pin 
in input mode. 



P3 7 



P3 6 



P3 5 



Synchronous clock 



P3 7 



P3 4 



Receiving side 



Serial I/O mode register 
bit 5 bitO 



1 0 X 



Set the directional 
register for P3 4 pin 
in input mode 



Fig. 10 Example of serial I/O connection 
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A-D CONVERTER 

An 8-bit successive approximation method of A-D conver- 
sion is employed providing a precision of ±3LSB. A block 
diagram of the A-D converter is shown in Figure 11. Con- 
version is automatic once it is started with the program. 
The four analog inputs are used in common with pins P4 7 , 
P4 6 , P4 5 and P4 4 of port 4. Bits 2, 1 and 0 of the A-D control 
register (address 00F3 16 ) are used to select which pins are 
used for A-D conversion. The input condition is accom- 
plished by setting to "0" the bit in the directional register 
that corresponds to the pin where A-D conversion is to take 
place. Bit 4 of the A-D control register is the A-D conver- 
sion end bit. During A-D conversion, this bit is "0" , and 
upon completion becomes "1". Thus, it can be ascertained 
whether or not A-D conversion has been completed or not 
by inspecting this bit. The relation between the contents of 
the A-D control register and the selection of input pins are 
shown in Figure 12. 

The results of the conversion can be found be reading the 
contents of the successive approximation register address 
00F2 16 which stores the results of the conversion The proc- 
edure for executing A-D conversion is next explained. First- 
ly, the pin that is to be used for the A-D conversion is 
selected by setting bit 2, bit 1 and bi,t 0 of the A-D control 
register. Next, the successive approximation is written to 
upon which the A-D conversion starts Since actual data is 



not written to the successive approximation, any type of 
may be written. Simultaneous with its being written, the A-D 
conversion end bit (bit 4 of address 00F3 16 ) is cleared to 
"0" signifying that A-D conversion operations are being 
conducted. A-D conversion completes after 198 clock cy- 
cles upon which the A-D conversion end bit is set to "1" 
and the results of the conversion can be found in the suc- 
cessive approximation register. Since the comparator con- 
sists of the capacitive coupled configuration, f (X )N ) is 
needed larger than 1MHz during A-D conversion. When A- 
D conversion is not required, power consumption can be 
saved by setting bit 5 of the A-D control register to "0". To 
carry out A-D conversion, set bit 5 to "1", and connect the 
resistor ladder. 



v ss 
O 



V REF 

O 



CL CL 



Q O O Q 



Selector 



Resistance ladder 



Vref 



Comparator and 
control circuit 



Successive approximation register 
(Address 00F2 16 ) 



_ control register 
(Address 00F3 16 ) 



Data bus 



Fig. 11 Block diagram of A-D converter 
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D-A CONVERTER 

The M37420M6-XXXSP has two R-2R method D-A conver- 
ters. D-A conversion starts by setting value to D-A conver- 
sion register (address 00D9 16 and 00DA 16 ). 
The output port of D-A conversion result DA 1 or DA 2 is 
common with P6 0 and P6! respectively. The value of bit 7 
or bit 6 of A-D control register (address 00F3 16 ) determines 
whether this port is used as D-A output or normal port. 
When this bit is "1" this port becomes D-A output, and is 
"0" this port becomes normal port. 

Bit 6 or bit 7 corresponds to PSo/DAi or P6!/DA 2 respec- 
tively. When using each port as D-A output, its directional 
register must be set to "0". 



El 



A-D control register 
(Address 00F3 16 ) 

- Analog input selection bit 
10 0: P4 4 /AN 4 

1 0 1 : P4 5 /AN 5 
110: P4 6 /AN 6 
111: P4 7 /AN 7 
A-D conversion completion bit 

0 *. A-D conversion in progress 

1 : A-D conversion complete 

- Resistor ladder connection 

0 : cut off 

1 : connect 

DA1 output selection bit 

0 : port P6 0 

1 : D-A output 

DA2 output selection bit 

0 : port P6t 

1 : D-A output 



Fig. 12 Structure of A-D control register 



Vcc 

Q 



R-2R ladder 



-[j>~0 D-A 1 



D-A conversion register 1 (address 00D9 16 ) 



2*Z 



Data bus 



V ss Vcc 

Q Q 



R-2R ladder ~t>—0 D-A 2 



7> 



D-A 

conversion 
register 2 



Data bus 



0 (address 
0'0DA 16 ) 



A-D control register 
(address 00F3 16 ) 



Fig. 13 Block diagram of D-A conversion circuit 
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PWM OUTPUT CIRCUIT 

(1) Introduction 

The M37420M6-XXXSP is equipped with 14-bit PWM. 
The 14-bit resolution gives PWM the minimum resolu- 
tion bit width of 0.25yus (for X, N = 8MHz) and a repeat 
period of 4096// s. 

Block diagram of the PWM is shown in Figure 14. 
The PWM timing generator section applies control sig- 
nals to PWM, using clock input X, N divided by 2 as a 
reference signal. 

(2) Data setting 

The output pin PWM is in common with pin P5 7 (i.e. for 
PWM output, bit 0 of the special function selection 
register) . When PWM is used for output, first set the 
higher 8-bit of the PWM1-H register (address 00F0 16 ), 
then the lower 6-bit of the PWM1-L register (address 
00F1 16 ). Note that the higher 2 bits of these 8-bit regis- 
ters are ignored when used 6-bit register. 

(3) Transferring data from registers to latches 

The data written to the PWM registers is transferred to 
the PWM latches at the repetition of the PWM period 
The signals output to the PWM pins correspond to the 
contents of these latches. When data at addresses 
00F0 16 and 00F1 16 are read, data in these latches has 
already been read allowing the data output by the 
PWM to be confirmed. When the 6-bit latch is being 
read, the upper 2 bits of the register becomes unde- 
fined. However, bit 7 of the PWM1-L register indicated 
the completion of the data transfer from the PWM1 reg- 
ister to the PWM1 latch. If bit 7 is "0", the transfer has 
been completed, if bit 7 is "1", the transfer has not yet 
begun. 



(4) 14-bit PWM operation 

The timing diagram of the 14-bit PWM1 is shown in Fi- 
gure 15. The 14-bit PWM divides the data within the 
PWM latch into the lower 6 bits and higher 8 bits. 
A high-level area within a length N times r is output ev- 
ery short area of t=256 r = 64/^s as determined by 
data N of the higher 8 bits. (Refer to PWM output© in 
the lower part of Figure 15.) 

Thus, the time for the high-level area is equal to the 
time set by the lower 8 bits or that plus r As a result, 
the short-area period t(=64//s, approx. 15.6kHz) be- 
comes an approximately repetitive period. 

(5) Output after reset 

At reset the output of port P5 7 is in the high impedance 
state and the contents of the PWM register and latch 
are undefined. Note that after setting the PWM regis- 
ter, its data is transferred to the latch. 



Table 2. Relation between the 6 lower-order bits 

of data and the space set by the ADD bit 



6 tower-order bits of data 


Area longer by r than that of other t m (m = 0 ~63) 


oooo o L o 


Nothing 


0 0 0 0 0 1 


m=32 


0 0 0 0 1 0 


m=16, 48 


0 0 0 1 0 0 


m= 8,24, 40, 56 


0 0 1 0 0 0 


m = 4,12,20, 28, 36, 44, 52,60 


0 1 0 0 0 0 


m = 2 , 6 , 10, 14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62 


1 0 0 0 0 0 


m= 1 , 3, 5, 7, 57,59,61,63 
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register 



PWM-L(address 00F1 16 ) 
(set to 1 when write) 



PWM-H 
(address O0F0 16 ) 



PWM latch (14-bit) 



Imsb 


























LSB 




\ 





,'14 



14-bit PWM circuit 



U(8MHz) 



1/2 



(4MHz) 



bitO 



PWM 



Timing 
generator 
for PWM 



(4096,us period) 



Selection gate: connected to 
black colored 
side when reset 

Pass gate 



SF 0 D5 7 



P5 7 /PWM 

f-o 



SF : Special function selection register (address 00F6 16 ) 
D5 : Port P5 directional register (address 00ED 16 ) 
P5 : Port P5 register (address 00EC 16 ) 



Fig. 14 Block diagram of PWM circuit 
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PWM1-H 



Data in address 00F0 16 is # 6A 16 



Data in address 00F0 16 is # 7B 16 



register 



59 16 



6A 16 



PWM1-L 



Data in address 00F0 16 is # 24 16 ^ Bit 7 reset after transfer 



register 



24„ 



I latch 

(14 bit) 165316 AlA9 3ie 



Register to latch tranfer 



1AA4„ 



7B 1£ 



Data is address 00F1 16 is # 35 16 



K j 35 >e 



B5„ 



1AA4 16 ^1EE4 16 



Register to latch tranfer 



l EF5 ie 



T=4096/iS 



- When bit 7 of PWM1-L is "0" register 
to latch transfer will not occur 



(256X0. 25/2 s) 
t=64/is 



6B 6A 6B 6A 6B 6A 6B 6A 6B 



(Example 1) 6A 
PWM1 output 

© 

lower 6 bits r | i •% ■ i ■ «m f 
outputj 5 I 5 I I 5 I I 5 I I 



(When H 6A r 
L 24 16 ) 



Jiarinji/iiijuim jituwljuuu 



(Example 2) 
PWM1 output 



6A 



lower 6 bits 

output 

(When H 6A 16 , 
L 18 16 ) 



5 j 2 5 



6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A J6B 6A 



6B 16 36 times 6A 16 28 — 

(107) (106) times 



106X64+36 



m m m rr 



6B 16 24 times 6A 16 40 times 



I6A 6A 



6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B ^ un 

lUimuuin^^ iuuuuuUUL 



106X64+24 



Minimum bit resolution width 



PWM1 output 



RiB 
f < { 



ADD 



-bit counter i 02 i qi i QO 



High/low-level of the ADD 
section is determined by 
the data contained in 
the lower 6 bit 



r =0. 2bus 



t=64/^s 
(256X0. 25^ s) 



III li 
6A ' 69 ' 68 1 67 1 — | 02 1 01 



FF 1 FE i FD i FC 1 — I 97 ' 96 " 95 1 
i i l I L-i 



i 02 | 01 ' 00 



High-level area output, the length 

of which is specified PWM-H 



6A | 69 | 68 j 67 | — j 02 j 01 L 



1 i l l I | | i 

FF 1 FE 1 FD • FC 1 — ■ 97 i 96 ' 95 " 
i I I I i i I i 



256 r(64jis) standard 



Fig.15 14-bit PWM timing diagram 
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V pulse and Y pulse generator 

Pin 5 4 operates as the VPLS pin to output the V pulse and 
pin 5 3 operates as the T pin to which the trigger clock is in- 
put. These pins can be used as the V pulse output by set- 
ting bit 5 of the V pulse register (00DD 16 ) to "1". Pin P5 6 
operates as the YPLS pin which outputs the Y pulse. It can 
be used as the Y pulse (VPF signal) output by setting bit 6 
of the V pulse register to "1". Figure 17 shows the block di- 
agram of the V pulse, Y pulse generator. Figure 18 shows 
the timing chart of the V pulse and Y pulse. 
At the falling or rising edge of T, the VPP counter starts. By 
the overflow signal of the VPP counter, VPLS goes "H". By 
the overflow signal of VPP counter, the VPN counter starts. 
By the overflow signal of the VPN counter, VPLS goes "L". 
When the VPP counter or the VPN counter is counting, bit 4 
of the V pulse register is "1". 

The preset value of the VPP counter can be set by the 9-bit 
register with bit 1 of the V pulse register being the most 
significant bit and the V pulse preset value P (00DB 16 ) 
being the low-order eight bits. The preset value of the VPN 
counter can be set by the 9-bit register with bit 0 of the V 
pulse register being the least significant bit and the V 
pulse preset value N (00DB 16 ) being the low-order eight 
bits. 

Note that values of bits 0 and 1 of the V pulse register are 
the current counting values in the VPP counter and the VPN 
counter, not the preset values of the counters. 



"j V pulse register 
J (address 00DD 16 ) 

- VPLS negative edge 
preset value 

- VPLS positive edge 
preset value 

" VPF generation flag 

0 :flag"L" 

1 :flag"H" 

- VPLS output selection bit 

0 : port P5 4 

1 : VPLS output 

- YPLS output selection bit 

0 : port P5 6 

1 : YPLS output 



Fig. 16 Structure of V pulse register 



rising or falling 



a 

P5 3 /T 





edge generation 1 


) — 


circuit f 



f(X IN )/16- 



VPP counter (9) 

— n fr 



VPP register (9) 



VPN counter (9) 
7T" 



-O 



P5 6 /YPLS 



■o 



P5 4 /VPLS 



I VPN register (9) 



77 



Fig. 17 Block diagram of V pulse and Y pulse generator 
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P53/T input 



VPLS 



VRF 

( : YPLS) 



t 

VPP register— TP1 
VPN register— TN1 
set 



TP1 ^ TN1 

T 



TP2 , TN2 

— T — 



t 

VPP register— TP2 
VPN register— TN2 
set 



TP3 ^ TN3 

T 



t 

VPP register— TP3 
VPN register— TN3 
set 



Fig.18 Timing chart of the V pulse and Y pulse 



Edge sense input 

Ports P5 0 ~P5 3 are the input ports having the edge sense 
function. To use these ports as edge sense inputs, read 
data from address 00ED 16 . Address 00ED 16 has a latch. P5 0 
~P5 2 are set to "1" when the input changes from "H" to 
"L". P5 3 is set to "1" when the input changes from "H" to 
"L" and from "L" to "H". For the input pulse width, seven or 
more clock cycles are necessary. This latch is cleared by 
writing "0" at address 00ED 16 by the LDM or CLB instruc- 
tion. When data is read from address 00ED 16 , the high- 
order four bits are always "0's". At reset, the content of this 
latch is "0". When a read operation is performed from 
address 00EC 16 , the normal level sense input will result. 



External trigger output 

Pin P5 5 operates as the pin Q which outputs the external 
trigger signal. Pin P5 3 operates as the pin T which inputs 
the trigger clock. By setting bit 5 of the special function 
selection register (address 00F6 16 ) to "1", these pins can 
be used as the external trigger outputs. 
In the external trigger mode, every time the falling edge 
and rising edge of T are detected, the contents of P5 5 port 
output latch and the P5 5 direction register latch are output 
from the port. Depending on the combination of the port 
output latch and the directional register latch, the output to 
port P5 5 becomes as shown in Table 3. At reset, the con- 
tent of this bit is "0". 



Table 3. External trigger output 



— .^output latoh 
directional redister --^^ 


0 


1 


0 


high-impedance 


high-impedance 


1 


L 


H 
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o 

P5 0 /ED 0 



a 



PS^EDt 



o- 



P5 2 /ED 2 



o 

P5 3 /ED 3 



falling 
edge 
detect 



bit 0 of address 00ED 16 



bit 0 of address 00EC 16 



falling 
edge 
detect 



bit 1 of address 00ED 16 



bit 1 of 



address 00EC 16 



falling 
edge 
detect 



bit 2 of address 00ED 16 



> 



bit 2 of address 00EC 16 



rising and 
falling edge 
detect 



bit 3 of address 00ED ie 



bit 3jof ad dress 0 0EC 16 



Fig. 19 Block diagram of edge sence input 



o 



P5 5 /Q 



directional register latch 



F/F 



F/F, 



o 



P5 3 /T 



edge detection 
circuit 



output latch 



input latch 



edge input 



Fig.20 Block diagram of external trigger output 
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WATCHDOG TIMER 

The watchdog timer provides the means to return to a reset 
condition when a program runs wild and the program will 
not run the normal loops. 

The watchdog timer (address 00F4 16 ) is a 15-bit counter. 
The watchdog timer counts 1/1 6th the output frequency of 
the oscillator. The watchdog timer is set to 7FFF 16 when a 
reset is accomplished a write operation has been made to 
it. As well as any of the instructions that generate a write 
signal, such as STA, LDM, and CLB, can be used to write 
data to the watchdog timer. An output of the most signifi- 
cant bits of the watchdog timer is input to the reset circuit. 
When 262144 clock cycles have been counted, the most 
significant bit becomes "0" and reset is carried out. When 
reset is carried out, the watchdog timer is set to 7FFF 16 and 
reset is released. The program then begins again from re- 
set vector address. Normally, the program is written so that 
a writing operation is made to the watchdog timer prior to 
the most significant bit's becoming "0" 
Since execution of the STP instruction causes both the 
clock and the watchdog timer to stop, an option is offered 
where the STP instruction can be disabled. 



RESET CIRCUIT 

The M37420M6-XXXSP is reset according to the sequence 
shown in Figure 21. It starts the program from the address 
formed by using the content of address FFFF 16 as the high 
order address and the content of the address FFFE 16 as the 
low order address, when the RESET pin is held at "L" level 
for more than 2/^s while the power voltage is in the recom- 
mended operating condition and the crystal oscillator 
oscillation is stable and then returned to "H" level. The in- 
ternal initializations following reset are shown in Figure 22. 
An example of the reset circuit is shown in Figure 23. 
When the power on reset is used, the RESET pin must be 
held "L" until the oscillation of 

Xin-Xqut becomes stable. 



f(x lN ) 



JUllL.. 



RESET 

SYNC 
Address 

Data 



.juiuuuuir 



Reset address from the 
vector table 



8 — 1 2 clock cycles 



Note 1 : Frequency relation of f(X, N ) and </>\s f(X, N ) =4*0 

2 : The mark " ? " means that the address is changeable 
depending on the previous state 



Fig. 21 Timing diagram at reset 
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address 

(1) D-A conversion register 1 (D9 16 ) 

(2) D-A conversion register 2 (DA 16 ) 

(3) Port PO directional register (E1 16 ) 

(4) Port P1 directional register (E3 16 ) 

(5) Port P2 directional register (E5 16 ) 

(6) Port P3 directional register (E9 16 ) 

(7) Port P4 directional register (EB 16 ) 

(8) Port P5 latch/directional register (ED 16 ) 

(9) Port P6 directional register (EF 16 ) 

(10) A-D control register (F3 16 ) 

(11) Watchdog timer (F4 16 ) 

(12) Serial I/O mode register (F5 16 ) 

(13) Special function selection register (F6 16 ) 

(14) PrescalerX (FC 16 ) 

(15) Timer X (FD 16 ) 

(16) Interrupt control register (FE 16 ) 

(17) Timer control register (FF 16 ) 

(18) Interrupt disable flag on proc- (PS) 
essor status register 



Program counter 



(PC H ) 
(PC l ) 



00 16 



oo 16 



oo 16 



oo 16 



oo 16 



00! 6 



oo 16 



00, 6 



7FFF 16 



00000000 



01i6 



oo 16 



oo 16 



Contents of address FFFF 16 



Contents of address FFFE 16 



Note 1 : Port P6 is the high-impedance state during reset 
After return from reset, it is "FF 16 ". 



Fig.22 Internal state of microcomputer at reset 



M37420M6-XXXSP 



RESET 



M37420M6-XXXSP 



28 



I 



0V ■ 



0V ' 



4.5V 



0. 6V 



' Supply voltage 
detection circuit 



Fig. 23 Example of reset circuit 
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I/O PORTS 

(1 ) Port PO 

Port PO is an 8-bit I/O port with N-channel open drain 
output. 

As shown in the memory map (Figure 2), port PO can 
be accessed at zero page memory address 00E0 16 . 
Port PO has a directional register (address 00E1 16 ) 
which can be used to program each individual bit as 
input ("0") or as output ("1"). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 

(2) Port P1 

Port P1 is a 6-bit I/O port and has the same function as 
Port PO. 

(3) Port P2 

Port P2 has the same function as Port PO, but it has 
CMOS output. 

(4) PortP3 

Port P3 has the same function as port PO. Port P3 can 
also be used as serial I/O, INT^ INT 2 and I/O pins for 
timer X. 

(5) Port P4 

Port P4 is a 4-bit I/O port and has the same function as 
port PO. But P4 7 through P4 4 can also be used as ana- 
log input pins AN 7 through AN 4 . 



(6) PortP5 

Port P5 3 ~P5 0 is an input port and can also be used as 
edge sence inputs. In such a case, reading is begun 
from 00ED 16 . 

When port P5 is used as level sense input, read the 
contents of the address 00EC 16 . 

P5 7 ~P5 4 have the same function as port PO except that 
they are I/O ports and double-functioning. The PWM 
output pin operates as P5 7( the Y pulse output pin as 
P5 6 , and the V pulse output pin as P5 4 . These ports are 
used by selecting the function through the special 
function selection register and the V pulse register. For 
details, see the descriptions of the PWM and the V 
pulse, Y pulse generator. The external trigger output 
pin operates as P5 5 . The external trigger output mode 
can be selected by setting bit 2 of the special function 
select register to "1". At reset, all of P5 7 ~P5 4 are in 
the state where the nomal I/O port function is selected. 
The output is the CMOS output. 

(7) PortP6 

Port P6 is a 4-bit I/O port and has the same function as 
PO except that P6 0 and PQ^ can be used as D-A output 
pin. 
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Ports PO, P1, P3, P4 



< 



Data bus - 



Directional 
register 



Port latch 



Ports P2, P5 4 ~P5 7l P6 



■■<- 



Data Bus 



Ports P5 0 ~P5 3 



-On 



N-channel open drain output 



Ports PO, P1, P3, P4 



Note 1 : Port P3 can be also used as I/O pin of serial I/O, timer I/O, and interrupt input 
Port P4 can be also used as analog input 



Directional 
register 



Port latch 



«Q- CMOS output 



-4 



■O 



Ports P2, P5 4 ~P5 7 , P6 



Note 2 : Port P5 4 ~P5 7 can be also used as the PWM output, Y pulse output, external trigger 
output (Q) and V pulse output Port P6 can be also used as D-A output 



Input 

-o 



Port P5 



Fig.24 Block diagram of ports P0~P6 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
27. 

When the STP instruction is executed, the oscillation of in- 
ternal clock <f> is stopped in the "H" state. 
Also, the prescaler X and timer X are loaded with FF 16 and 
01 16 , respectively. The oscillator (dividing by 16) is then 
connected to the prescaler input. This connection is 
cleared when timer X overflows or the reset is in, as dis- 
cussed in the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the internal clock 0 keeps its "H" level until timer 
X overflows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 
When the WIT instruction is executed, the internal clock </> 
stops in the "H" level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 25. 
The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock usage is shown in Figure 26. 
X| N is the input, and Xqut is open. 



M37420M6-XXXSP 
X| N Xqut 



1MO 



777 



25 



dp C 0 UT 

777 



Fig.25 External ceramic resonator circuit 



M37420M6-XXXSP 


X 


N XoUT 


24' 


25 




Open 



External oscillating circuit 



ruirir 



Fig. 26 External clock input circuit 
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disable flag I 




Reset 



STP instruction 
(option) 
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WIT 
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Q S 
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R 



KM 



r- 



KX 



Reset 



- STP instruction 
(option) 



Internal clocks 



1/2 






1/8 









Prescaler X 



Timer X count stop bit 



o o 

X| N Xqut 



Fig.27 Block diagram of the clock generating circuit 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer and the prescaler is 
1/(n+1). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(3) Reading the timer and prescaler must be avoided 
while the input to the prescaler is changing. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. 

(6) Since the comparator consists of the capacitive cou- 
pled configuration, f(X (N ) is needed larger than 1MHz 
during A-D conversion. And during A-D conversion, 
don't use STP or WIT instruction. 

(7) Values of bits 0 and 1 of the V pulse register are the 
current counting values in the VPP counter and the 
VPN counter, not the preset values. 

Therefore, if the read values of bits 0 and 1 are written 
as they are when other bits in the V pulse register is to 
be set, the preset values may be changed. 
This must be kept in mind before executing the SEB or 
CLB instruction. 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 

(3) ROM data EPROM 3sets 

Write the following option on the mask ROM confirmation 
form 

• STP instruction option 

• Reset option for watchdog timer 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s 
Output transistors cut-off 


-0. 3- 7 


V 


v, 


Input voltage X (N 


-0. 3- 7 


V 


v, 


Input voltage P2 0 ~P2 7 , P4 2 ~P4 7 , P5 4 ~P5 7 , P6 0 ~P6 3 


-0. 3~Vcc+0. 3 


V 


v, 


Input voltage P0 0 ~P0 7> P1 0 ~P15. P3 0 ~P3 7 , 
P4 0> P4 1( P5 0 ~P5 7 


-0. 3-13 


V 


v, 


Input voltage CNV SS , RESET 


-0. 3—13 


V 


V 0 


Output voltage P2 0 ~P2 7> P4 2 ~P4 7 , P5 4 ~P5 7 , P6 0 ~P6 3 


-0. 3— Vcc+0. 3 


V 


Vo 


Output voltage P0 0 ~P0 7 , P1 0 ~P1s, P3 0 ~P3 7 


-0. 3—13 


V 


Pd 


Power dissipation 


T a =25°C 


1000 


mW 


Topr 


Operating temperature 




—10—70 


°C 


Tst 9 


Storage temperature 




-40-125 


°C 



RECOMMENDED OPERATING CONDITIONS (V CC =5V±10%, T a =-10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


V ss 


Supply voltage 




0 




V 


V R EF 


Reference voltage 


4 




Vcc 


V 


V IH 


"H" input voltage P0 0 ~P0 7 , P1o~P1s, P2 0 ~P2 7 , 
P3 0 ~P3 7l P4 0 ~P4 7 , P5 0 ~P5 7 , 
RESET, X, N> P6 0 ~P6 3 


0. 8V CC 




Vcc 


V 


V, L 


"L" input voltage P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7 , 
P3 0 ~P3 7) P4 0 ~P4 7 , P5 0 ~P5 7l 
CNVss, P6o~P6 3 


0 




0. 2V CC 


V 


V,l 


"L" input voltage RESET 


0 




P. 12V CC 


V 


V, L 


"L" input voltage Xin 


0 




0. 16V C c 


V 


'oL(peak) 


"L" peak output current P0 0 ~P0 7 , P1o~P1s. 

P2 0 ~P2 7 , P3 0 ~P3 7l 
P4 0 ~P4 7 (Note 2 ) 






10 


mA 


'oL(peak) 


"L" peak output current P6 0 ~P6 3 (Note 2 ) 






10 


mA 


'oL(avg) 


"L" average output current POo~P0 7 , P1o~P1s> 
P2 0 ~P2 7l P3 0 ~P3 7 , 
P4 0 ~P4 7 , (Notel ) 






5 


mA 


'oL(avg) 


"L" average output current P6 0 ~P6 3 (Note 1 ) 






5 


mA 


'oH(peak) 


"H" peak output current P2 0 ~P2 7) P5 4 ~P5 7 , 
P6 0 ~P6 3 (Note2 ) 






-10 


mA 


'oH(avg) 


"H" average output current P2 0 ~P2 7 , P5 4 ~P5 7 , 
P6 0 ~P6 3 (Notel ) 






-5 


mA 


f(x IN ) 


Internal clock oscillating frequency 






8 


MHz 



Note 1 Average output current loL(avg) a ncl 'oH(avg) are tne average value of a period of 100ms 
2 : Total of "L" output current l OL . of ports P0, P1, P2, P3, P4, P6, and PWM is 80mA max 
Total of "H" output current Iqh. of port P2 is 50mA max 
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ELECTRICAL CHARACTERISTICS (V CC =5V±10%, V ss =0V, T a =-10~70 o C, f(X IN )=8MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Voh 


"H" output voltage P2 0 ~P2 7 , P5 4 ~P5 7 , P6 0 ~P6 3 


l O H=-10mA 


3 






V 


Vol 


"L" output voltage P0 0 ~P0 7l P1 0 ~P15, P2 0 ~P2 7 , 
P3 0 ~P3 7l P4 0 ~P4 7 , P5 4 ~P5 7l 
P6 0 ~P6 3 


l O L=10mA 






2 


V 


v T +-v T - 


Hysteresis P3 0 , P3-, 


When used as INT input 


0.3 




1 


V 


V T +-V T - 


Hysteresis P3 6 


When used as CLK2 input 


0. 3 


0. 8 




V 


v T +— V T - 


Hysteresis P3 3 


When used as CNTR input 


0. 5 


1 




V 


v T +— V T - 


Hysteresis P5 3 


When used as T input 


0.5 


1 




V 


V T +-V T - 


Hysteresis RESET 






0.5 


0.7 


V 


V t +-V t - 


Hysteresis X| N 




0. 1 




0 5 


V 


Iil 


"L" input current POo~P0 7 , P1o~P1s> P2o~P2 7> 
P3 0 ~P3 7l P4 0 ~P4 7> P5 0 ~P5 7 , 
P6 0 ~P6 3 , PWM 


V,=0V 






-5 


uA 


I.L 


"L" input current RESET, X| N 


V,=0V 






—5 


juA 


l|H 


"H" input current P0 0 ~P0 7 , P1 0 ~P15, P3 0 ~P3 7 , 
P5 0 ~P5 3 


V,=12V 






12 


juA 


l, H 


"H" input current RESET, X| N , P2 0 ~P2 7> P4 4 ~P4 7 , 
P5 4 ~P5 7 , P6 0 ~P6 3 


V,=5V 






5 


M A 


VraM 


RAM retention voltage 


At clock stop 


2 






V 


'cc 


Supply current 


0, Xout. and D-A pins opened, other pins at 
V S s, and A-D converter in the finished con- 
dition f(X| N )=8M Hz Square wave 




3 


6 


mA 



A-D CONVERTER CHARACTERISTICS (V CC =5V±10%, V S s=AV ss =0V 1 T a =-10~70 o C, f(X, N )=8MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 




Resolution 


Vre^Vcc 






8 


Bits 




Absolute accuracy 


Vref = Vcc 






±3 


LSB 


Rladder 


Ladder resistance value 


Vref = Vcc 


2 




10 


kH 


tcoNv 


Conversion time 








25 


us 


V, A 


Analog input voltage 




0 




Vcc 


V 



D-A CONVERTER CHARACTERISTICS (V CC =5V±10%, V ss =AVss=0V ) T a =-10~70°C, f(X, N )=8MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 




Resolution 


Vref = Vcc 






8 


Bits 




Error in full scale range 


Vref == Vcc 






±2 


% 




Setup time 


Vref = Vcc 






3 


us 


Ro 


Output resistance 


v REF =v cc 


1 


2 


4 


kO 
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DESCRIPTION 

The M37421 M6-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP (flat package type also 
available) . This single-chip microcomputer is useful for 
business equipment and other consumer applications. 
In addition to their simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

The differences between the M37421 M6-XXXSP and the 
M37421 M6-XXXFP are the package outline and the power 
dissipation ability (absolute maximum ratings). 

FEATURES 

• Number of basic instructions 69 

• Memory size ROM 12288 bytes 

RAM 320 bytes 

• Instruction execution time 

0.95^s (minimum instructions, at 4.2MHz frequency) 

• Single power supply 5V±10% 

• Power dissipation 

normal operation mode, at 4.2MHz frequency •••30mW 
low speed operation mode, 

at 32kHz frequency for clock function 0.3mW 

• Subroutine nesting 64 levels (Max.) 

• Interrupt 7 types, 5 vectors 

• 8-bit timer 3 (2 when used as serial I/O) 

• Programmable I/O ports (Ports P2, P3, P6) 22 

• Input ports (Ports P5 2 ~P5 7 ) 6 

• High-voltage output ports 

(Ports P0, P1, P4, P5 0) P5i) 26 

• Serial I/O (8-bit) 1 

• PWM function 14-bitX1 

6-bitX2 

• Two clock generator circuits (One is for main clock, the 
other is for clock function) 

• Comparator 1 

• Generating function for clock input of EAROM 

APPLICATION 

Office automation equipment 

VCR, Tuner, Audio-visual equipment 
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I/O port P2 
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P2 3 — m 
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P3 6 /CLK—[l7 
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FUNCTIONS OF M37421 M6-XXXSP 



Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


0. (minimum instructions, at 4. 2MHz frequency) 


Clock frequency 


4.2MHz 


Memory size 


ROM 


12288 bytes 


RAM 


320 bytes 


Input/output ports 


PO, P1, P4 


Output 


8-bitX3 (high-voltage P-channel open drain, V C c — 38V) 


P2, P3 


I/O 


8-bitX2 (P3 can partially be used as among serial I/O, clock input 
for timer 3 and normal I/O.) 


P5 0 , P5! 


Output 


2-bitX1 (high-voltage P-channel open drain, Vcc - 38V ) 


P5 2 , P5 3 


Input 


2-bitX1 (can be used as an input for either INT 2 or INTY) 


P5 4 ~P5 7 


Input 


4-bitX1 


P6 


I/O 


6-bitXl (can be used as Ti output or PWM output ) 


Serial I/O 


8-bitXl 


Timers 


8-bit timerX3 (X2, when used as serial I/O) 


Subroutine nesting 


64 levels (max ) 


Interrupt 


Two external interrupts, three internal timer interrupts 
(ortimerX2, serial I/OX1) 


Clock generating circuit 


Two built-in circuits (externally connected ceramic or quartz crystal oscillator) 


Supply voltage (Note) 


2. 7-5. 5V 


Power dissipation 


at high-speed operation 


30mW (clock frequency X, N =4.2MHz) 


at low-speed operation 


0. 3mW (clock frequency X C iN=32kHz) 


at stop mode 


(when clock is stopped) 


Input/Output characteristics 


Input/Output voltage 


12V (input/output P2, P3, P5 2 , P5 3 except P3 3 ) 


V CC -38V (PO, P1, P4, P5 0 , P5i) 


-0. 3V~V cc +0. 3V (input/output P3 3 and P6) 


Output current 


10mA(P2,P3 N-channel open dram) 


—18mA (PO, P1 high-voltage P-Channel open drain) 


—12mA (P4, P5 0 , P5 1 high-voltage P-Channel open drain) 


0. 5 0. 5mA ( P6 CMOS tn-states) 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate process 


Package 


M37421 M6-XXXSP 


64-pin shrink plastic molded DIP 


M37421M6-XXXFP 


72-pin plastic molded QFP 



Note I At f(X| N )=4. 2MHz and f(XciN) = 32kHz, selection of internal clock <f> is guaranteed the following supply voltage 
f(X, N )=4.2MHz (0=2.1 MHz) : Vcc =4. 5-5. 5V 
f(X CIN )=32kHz (^ =16kHz) : Vcc =2. 7-5. 5V 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc, 
V S s 


Supply voltage 




Power supply inputs 4.5-5.5V at f(X, N ) =4. 2MHz and 2.7-5.5V below f(Xci N )=32kHz to V cc , and OV to 
Vss 


CNVss 


CNVss 




This is usually connected to Vss 


v P 


Pull-down supply 


Input 


Pull down supply for the pull-down resistor of ports PO, P1 , P4, P5o and P5i 


RESET 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2/us (under normal V C c 
conditions) 

If more time is needed for the crystal oscillator to stabilize, this "L" condition should be maintained for the 
required time 


X|N 


Clock input 


Input 


This chip has an internal clock generating circuit To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the X| N and X 0 ut pms If an external clock is used, the clock 
source should be connected the Xin pin and the Xout pin should be left open 


XoUT 


Clock output 


Output 




Timing output 


Output 


This is the timing output pin 0=2MHz (when X|n=4MHz) 


XciN 


Clock input for clock 
function 


Input 


This is the I/O pins of the clock generating circuit for the clock function To control generating frequency, 
an external ceramic or a quartz crystal oscillator is connected between the Xcin and Xcout pins If an exter- 
nal clock is used, the clock source should be connected to the X C in pm and the X C out pin should be left 
open This clock can be used as a program controlled the system clock 


XcOUT 


Clock output for 
clock function 


Output 


P0 0 ~P0 7 


Output port PO 


Output 


Port PO is an 8-bit output port Output structure is high-voltage P-channel open drain A pull-down resistor 
is built in between the Vp pin and this port At reset, this port is set to a "L" level 


P1 0 ~P1 7 


Output port P1 


Output 


Port P1 is an 8-bit output port and has basically the same functions as port PO 


P2 0 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output At reset, this port is set to input mode The output structure is N-channel open drain 


P3 0 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port P2 When serial I/O is used, P37, 
P36, P35, and P3 4 work as S RD y. CLK, S 0 ut> and S !N pins, respectively P3 3 works as an analog input for 
comparator, and P32 works as a clock input for timer 3 


P4 0 — P4 7 


Output port P4 


Output 


Port P4 is an 8-bit output port and has basically the same functions as port PO 


P5 0> P5n 


Output port P5 


Output 


Bit 0 and 1 of port P5 are 2-bit output port and has basically the same functions as port PO 


P5 2 /INT 2> 
P53/INT! 


Input port P5 


Input 


Bit 2 and 3 of port P5 are 2-bit input port arid are in common with interrupt inputs 


P5 4 ~P5 7 


Input 


Bit 4~7 of port P5 are 4-bit input port 


P6 0 ~P6 7 


I/O port P6 


I/O 


Port P6 is a 6-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output The output structure is CMOS tn-state output P6 0 , P61, P6 2 , P6 3 can be programmed to 
function as timer output pin (T) , PWM output pins (PWM1, PWM2, and PWM3), respectively 
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FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 

The M37421 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the. 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used 
The STP instruction can be used. 



MEMORY 

• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 

• RAM 

RAM is used for data storage as well as a stack area. 

• ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 

• Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 

• Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

• Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 



RAM 

(192 bytes) 



0000 1£ 



00BF 16 . 



00E0 16 



• Zero page 



Not used 



RAM I 010 °1«" 
(128 bytes) I 017F 16 



SFR area 



Not used 



( D000 16 



ROM 
(12288 bytes) 



FF00 1( 



FFF4 1( 



FFFF 16 



Special 
page for 
subroutine 
call 



Interrupt vector area 



Fig.1 Memory map 
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00E0 16 


Port PO 


00F0 16 


PWM1-H rpnistpr 
r vvivi i n icyioici 




0OE1 16 




00F1 16 


PWM1-I rpnictpr 

r VVIVI 1 U. Its^lolCI 




00E2 16 


Port P1 


00F2 16 






0OE3 16 




00F3 16 






00E4 16 


Port P2 


00F4 16 






00E5 16 


Port P2 directional register 


00F5 16 


PWM output mode register 




00E6 16 




O0F6 16 


Serial I/O mode register 




00E7 16 




O0F7 16 






00E8 16 


Port P3 


00F8 16 






O0E9 16 


Port P3 directional register 


00F9 16 


Serial I/O register 2 




00EA 16 


Port P4 


00FA 16 


Timer 1 




O0EB 16 




00FB 16 


Comparator register 




O0EC 16 


Port P5 


00FC 16 


Timer 2 




00ED 16 




00FD 16 


Timer 3 




00EE 16 


Port P6 


00FE 16 


Interrupt control register 




00EF 16 


Port P6 directional register 


00FF 16 


Timer control register 













Fig. 2 SFR (Special Function Register) memory map 
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INTERRUPT 

The M37421 M6-XXXSP can be interrupted from seven 
souces; INT^ timer 3, timer 2, timer 1 /serial I/O, or INT 2 / 
BRK instruction. 

The value of bit 2 of the serial I/O mode register (address 
00F6 16 ) determine whether the interrupt is from timer 1 or 
from serial I/O. When bit 2 is "0" the interrupt is from timer 
1, and when bit 2 is "1" the interrupt is from serial I/O. Also, 
when the bit 2 is "1", parts of port P3 are used for serial I/ 
O. These interrupts are vectored and their priorities are 
shown in Table 1. Reset is included in this table since it 
has the same functions as the interrupts. 
When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, the interrupt dis- 
able flag I is set, the program jumps to the address speci- 
fied by the interrupt vector, and the interrupt request bit is 
cleared automatically. The reset interrupt is the highest 
priority interrupt and can never be inhibited. Except for the 
reset interrupt, all interrupt are inhibited when the interrupt 
disable flag I is set to "1". All of the other interrupts can 
further be controlled individually via the interrupt control 
register shown in Figure 3. An interrupt is accepted when 
the interrupt enable bit and the interrupt request bit are 
both "1" and the interrupt disable flag is "0". 



The interrupt request bits are set when the following condi- 
tions occur: 

(1 ) When the level of pins INTi and INT 2 change. 

(2) When the contents of timer 3, timer 2, timer 1 (or the 
serial I/O counter) go to "0" 

These request bits can be reset by the program but cannot 
be set by the progream. However, the interrupt enable bit 
can be set and reset by the program. 

Table 1. Interrupt vector address and priority 



Interrupt 


Priority 


Vector address 


RESET 


1 


FFFF 16 , FFFE 16 


INT-t 


2 


FFFD 16 , FFFC 16 


Timer 3 


3 


FFFB 16 , FFFA 16 


Timer 2 


4 


FFF9 16 , FFF8 16 


Timer 1 or serial I/O 


5 


FFF7 16 , FFF6 16 


INT 2 (BRK) 


6 


FFF5 16> FFF4 16 



rO 



rO 



Interrupt request 



luest I — Interrupt disable flag I 



|J Interrupt control register (Address 00FE 16 ) 



Bit 7 IN^ pin interrupt request bit 
Bit 6: INT! pin interrupt enable bit 
Bit 5 - Timer 2 interrupt request bit 
Bit 4: Timer 2 interrupt enable bit 
Bit 3 Timer 1 interrupt or serial input/output interrupt 
request bit 

Bit 2 Timer 1 interrupt or serial input/output interrupt 

enable bit 
Bit 1 INT 2 pin interrupt request bit 
BitO INT 2 pin interrupt enable bit 



] Timer control register (Address 00FFi 6 ) 
Bit 7 Timer 3 interrupt request bit 
Bit 6: Timer 3 interrupt enable bit 
Bit 5- Timer 2 count stop bit 
Bit 4 Timer 3 count source selection bit 
Bit 3 Timer 2 count source selection bit 
Bit 2 Timer 1 count source selection bit 



Bit 1 
BitO 



• Processor mode bits 



Fig.3 Interrupt control 
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The change in level at which the INT pins generate a inter- 
rupt varies according to the content of bits 4 and 5 of the 
PWM output mode register (address 00F5 16 ). When these 
bits are "0", the interrupt request is generated when INT 
changes from high-level to low-level. When these bits are 
"1", the interrupt request is generated when INT changes 
from low-level to high-level. Bits 4 (PM 4 ) and 5 (PM 5 ) cor- 
respond to INT! and INT 2 respectively. 
Since the BRK instruction and the INT 2 interrupt have the 
same vectored address, the contents of the B flag must be 
checked to determine if the BRK instruction caused the in- 
terrupt or if INT 2 generated the interrupt. 



TIMER 

The M37421 M6-XXXSP has three timers; timer 1, timer 2, 
and timer 3. Since P3 (in serial I/O mode) and timer 1 use 
some of the same architecture, they cannot be used at the 
same time (see serial I/O section) . The count source for 
each timer can be selected by using bit 2, 3 and 4 of the 
timer control register (address 00FF 16 ), as shown in Figure 
5. 

A block diagram of timer 1 through 3 is shown in Figure 4. 
All of the timers are down count timers and have 8-bit 
latchs. When a timer counter reaches "0", the contents of 
the reload latch are loaded into the timer at the next clock 
pulse. The division ratio of the timers is 1/(n+1), where n 
is the contents of the timer latch. 

The timer interrupt request bit is set to "1" at the next 
clock pulse after the timer reaches zero. The interrupt and 
timer control registers are located at addresses 00FE 16 and 
00FF 16 , respectively (see Interrupt section) . The starting/ 
stopping of timer 2 can be controlled by bit 5 of the timer 
control register. If bit 5 (address 00FF 16 ) is "0", the timer 
starts counting and when bit 5 is "1", the timer stops. The 
count source of timer 3 can be controlled by bit 4 of the 
timer control register. If bit 4 (address 00FF 16 ) is "1", the 
timer counts from the P3 2 /CNTR pin. 
When the STP instruction is executed, or after reset, the 
timer 2 and timer 3 latch are set to FF 16 and 07 16 , respec- 
tive ry. 

After a STP instruction is executed, timer 2, timer 3, and the 
clock (0 divided by 4) are connected in series (regardless 
of the status of bit 2 through 4 of the timer control register). 
This state is canceled if the timer 3 interrupt request bit is 
set to "1", or if the system is reset. Before the STP instruc- 
tion is executed, bit 5 of the timer control register (timer 2 
count stop bit) and bit 4 of the interrupt control register 
(timer 2 interrupt enable bit) must be set to "0". For more 
details on the STP instruction, refer to the oscillation circuit 
section. 



7^0 
I I I I l I I I Tim e r control register (Address 00FF 16 ) 

' — ' Processor mode bits 

00 • Single-chip mode 

- 01 : l 

10- \ not used 
11 : ) 

' Timer 1 count source selection bit 

0 : 1/8 timing <t> 

1 : Timer 3 overflow signal 

' Timer 2 count source selection bit 

0 : 1/8 timing 4> 

1 : Clock for the clock function(X C i N ) 

' Timer 3 count source selection bit 

0 Timer 2 overflow signal 

1 : Clock input for timer (CNTR) 

I Timer 2 count stop bit 

0 : Count start 

1 : Count stop 

' Timer 3 interrupt enable bit 

0 : Interrupt disable 

1 : Interrupt enable 

Timer 3 interrupt request bit 

0 : No interrupt request 

1 : Interrupt request 



Fig.4 Structure of timer control register 
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Data bus 



1/8 



Timer 2 latch (8) 



Internal clock 
(Normally 1/2X IN ) 



P3 2 /CNTR 



P6o/tQ- 



P6 0 latch 

4. 



SM 4 



P3, 



O 



CLK 



Timer2(8) 
(Address 00FC 16 ) 



FF 16 



Timer 3 latch (8) 



TM 4 



1 C 



Timer 3(8) 
(Address 00FD 16 ) 

— 



07 16 



Timer 1 latch (8) 



-6 



Timer 1(8) 
(Address 00FA 16 ) 



1/2 



o 



SM 1f SM 0 

00, 01 : External clock 
10 : 1/2 timer 1, 11 : 1/8 0 



c5t 



Sync circuit — . 



SMi SM 2 

SouT 



P3 5 




SM 2 



P3 4 Q- 



r— SM 3 
^ S RDY 



Serial input/output 
counter (3) 



Serial input/ output 
register (8) 



LSB 



<1 



SM 2 

o- 



STP instruction 



■ to timer 2 interrupt request bit 



- to timer 3 interrupt request bit 



fc to timer 1 or serial I/O interrupt 
request bit 



TM 
SM 
PM 



: Timer control register (Address 00FF 16 ) 
: Serial I/O mode register (Address 00F6 16 ) 
: PWM output mode register (Address 00F5 16 ) 



Selection gate : Connected to black 
colored side at reset 



Fig.5 Block diagram of timer 1, timer 2, timer 3 
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SERIAL I/O 

A block diagram of the serial I/O is shown in Figure 6. 
In the serial I/O mode the receive ready signal (S RDY ), syn- 
chronous input /output clock (CLK), and the serial I/O pins 
(Sout. S| N ) are used as P3 7) P3 6 , P3 5 , and P3 4 , respectively. 
The serial I/O mode register (address 00F6 16 ) is 8-bit reg- 
ister. Bits 1 and 0 of this register is used to select a syn- 
chronous clock source. 

When these bits are [00] or [01] , an external clock from 
P3 6 is selected. When these bits are [10], the overflow sig- 
nal from timer 1, divided by two, becomes the synchronous 
clock. Therefore, changing the timer period will change the 
transfer speed. When the bits are [11] , timing <f> divided by 
4, becomes the clock. 



Bit 2 and 3 decide whether parts of P3 will be used as a 
serial I/O or not. When bit 2 is a "1", P3 6 becomes an I/O 
pin of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P3 6 . If an exter- 
nal synchronous clock is selected, the clock is input to P3 6 
and P3 5 will be a serial output and P3 4 will be a serial in- 
put. To use P3 4 as a serial input, set the directional register 
bit which corresponds to P3 4 to "0". For more information on 
the directional register, refer to the I/O pin section. 
To use the serial I/O, bit 2 needs to be set to "1", if it is "0" 
P3 6 will function as a normal I/O. Interrupts will be gener- 
ated from the serial I/O counter instead of timer 1 . Bit 3 
determines if P3 7 is used as an output pin for the receive 
data ready signal (bit 3=1, Srdy) o r used as normal I/O pin 



Timing Divider 



1/8 



o- 



Sout 



S, N 



6 




from 1/8 t.mmg <t> _ Timerl(8) 
or timer 3 



(Address 00FA 16 ) 



Serial I/O counter (3) 



Transmission clock 



MSB Serial I/O register (8) LSB 
(Ad dress O0F7 16 ) Jj* """ 

Data bus 




to timer 1 or 
serial I/O 

interrupt request bit 



Serial I/O register 2 



Serial I/O mode register (Address 00F6 16 ) 
lower 4 bits 



External clock 



Sync clock selection bit 

00 : 

01 : 

1 0 : 1 12 timer 1 frequency 

11 : 1/8 timing <t> 

Serial I/O port selection bit (P3 5 , P3 6 ) 

0 : Parallel port N 

1 ' Serial input/output port 

Srdy signal output selection bit (P3 7 ) 

0 : Parallel port 

1 I Sr D y signal output pin 



Fig.6 Block diagram of serial I/O 
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(bit 3=0). The serial I/O function is discussed below. The 
function of the serial I/O differs depending on the clock 
source; external clock or internal clock. 
Internal clock— The S RDY signal becomes "H" during trans- 
mission or while dummy data is stored in the serial I/O reg- 
ister (address 00F7 16 ) . After the falling edge of the write 
signal, the 

Srdy signal becomes low signaling that the 
M37421 M6-XXXSP is ready to receive the external serial 
data. When "H" level is input to CLK pin and the dummy 
data is written to serial I/O register 2, the output of S 0 ut 
becomes "H" before/after the data transmission. The S RDY 
signal goes "H" at the next falling edge of the transfer 
clock. The serial I/O counter is set to 7 when data is stored 
in the serial I/O register. At each falling edge of the trans- 
fer clock, serial data is output to P3 5 . During the rising 



edge of this clock, data can be input from P3 4 and the data 

in the serial I/O register will be shifted 1 bit. 

Data is output starting with the LSB. After the transfer clock 

has counted 8 times, the serial I/O register will be empty 

and the transfer clock will remain at a high level. At this 

time the interrupt request bit will be set. 

External clock — If an external clock is used, the interrupt 

request will be sent after the transfer clock has counted 8 

times but transfer clock will not stop. 

Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
250kHz at a duty cycle of 50%. The timing diagram is 
shown in Figure 7. An example of communication between 
two M37421 M6-XXXSPs is shown in Figure 8. 



njTJTjnjiJTJiJijnjiJi^ 

LJTJOJnj-LJ^JnJTj 



Transmission clock 



Serial I/O register 
Write signal 
Serial I/O output 
output S OU T 

Serial I/O input 
input S, N 

Receivable signal 
Srdy 



JL 



~L_T 



Interrupt request bit set 



Fig.7 Serial I/O timing 



Sending side 



Receiving side 



Serial I/O mode register 
Bit 3 BitO 



0 


1 


1 


0 



The direction register for pin P3 7 
should be set to input mode. 



P3 7 



P3 6 



P3 5 



Sync clock 



Serial data 



Serial I/O mode register 



P3 7 



P3 6 



P3 4 



Bit 3 



BitO 



The direction register for pin P3 4 
should be set to input mode 



Fig.8 Example of serial I/O connection 
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PWM OUTPUT CIRCUIT 

(1) Introduction 

The M37421 M6-XXXSP is equipped with one 14-bit 
PWM and two 6-bit PWMs. The 14-bit resolution gives 
PWM1 the minimum resolution bit width of 500ns (for 
X, N =4MHz) and a repeat period of 8192//S. PWM 2 and 
PWM3 have the same circuit configuration. PWM2 and 
PWM3 have a 6-bit resolution with minimum resolution 
bit width of 16/^s and repeat period of 1024^s. The 
accuracy and operation guarantee range is Vcc = 4.5 
~5.5V regardless of the input frequency. 
Block diagram of the PWM is shown in Figure 9. 
The PWM timing generator section applies individual 
control signals to PWM 1—3, using clock input X, N di- 
vided by 2 as a reference signal. 

(2) Data setting 

The output pins PWM1, PWM2 and PWM3 are in com- 
mon with pins P61, P6 2 and P6 3 of port P6 (i.e. for PWM 
output, PM1~PM3 of the PWM control register and the 
P6 directional register 06^063 should be set). When 
PWM1 is used for output, first set the higher 8-bit of 
the PWM1-H register (address 00F0 16 ), then the lower 
6-bit of the PWM1-L register (address 00F1 16 ). When 
either PWM 2 or PWM3 is used for output, set the 6-bit 
in the PWM 2 (address 00F2 16 ) or PWM 3 (address 
OOFS^) register, respectively. Note that the higher 2 
bits of these 8-bit registers are ignored when used 6- 
bit register. 

(3) Transferring data from registers to latches 

The data written to the PWM registers is transferred to 
the PWM latches at the repetition of the PWM period. 
The signals output to the PWM pins correspond to the 
contents of these latches. When data at addresses 
00F0 16 ~ 00F3 16 is read, data in these latches has 
already been read allowing the data output by the 
PWM to be confirmed. When the 6-bit latch is being 
read, the upper 2 bits of the register becomes unde- 
fined. However, bit 7 of the PWM1-L register indicated 
the completion of the data transfer from the PWM1 reg- 
ister to the PWM1 latch. If bit 7 is "0", the transfer has 
been completed, if bit 7 is "1", the transfer has not yet 
begun. 

(4) Operation of the 6-bit PWMs 

The timing diagram of the two 6-bit PWMs (PWM 2 and 
PWM3) is shown in Figure 10. One period (T) is com- 
posed of 64 (2 6 ) segments. 



There are six different pulse types configured from bits 
0~5 representing the significance of each bit. These 
are output within one period in the circuit internal sec- 
tion. Refer to Figure 10(a). 

Six different pulses can be output from the PWM. 
These can be selected by bits 0 through 5. Depending 
on the content of the 6-bit PWM latch, pulses from 5~0 
is selected. The PWM output is the difference of the 
sum of each of these pulses. Several examples are 
shown in Figure 10(b). Changes in the contents of the 
PWM latch allows the selection of 64 lengths of high- 
level area outputs varying from 0/64 to 63/64. An 
length of entirely high-level output cannot be output, 
i.e. 64/64. 

(5) 14-bit PWM operation 

The timing diagram of the 14-bit PWM1 is shown in Fi- 
gure 11. The 14-bit PWM divides the data within the 
PWM latch into the lower 6 bits and higher 8 bits. 
A high-level area within a length N times r is output ev- 
ery short area of t=256X t =128/^s as determined by 
data N of the higher 8 bits. (Refer to PWM output © in 
the lower part of Figure 11.) 

Thus, the time for the high-level area is equal to the 
time set by the lower 8 bits or that plus t . As a result, 
the short-area period t(=128^s, approx. 7.8kHz) be- 
comes an approximately repetitive period. 

(6) Output after reset 

At reset the output of port P6 is in the high impedance 
state and the contents of the PWM register and latch 
are undefined. Note that after setting the PWM regis- 
ter, its data is transferred to the latch. 



Table 2. Relation between the 6 lower-order bits 

of data and the space set by the ADD bit 



6 lower-order bits of data 


Area longer by f than that of other t m (m = 0 ~63) 


oooo o L 6 B 


Nothing 


0 0 0 0 0 1 


m=32 


0 0 0 0 1 0 


m=16,48 


0 0 0 1 0 0 


m= 8,24, 40, 56 


0 0 1 0 0 0 


m= 4,12, 20,28,36,44,52,60 


0 1 0 0 0 0 


m = 2 , 6 , 1 0, 1 4, 1 8, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62 


1 0 0 0 0 0 


m= 1 , 3, 5, 7, 57,59,61,63 
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PWM1-L (Address 0OF1 16 ) 
JL. 



Register 



PWM1-H 



/ Set to 1 \ 

V when write / |bit7|| bit5 



(Address 00F0 16 ) 



Register 



bit7 



bitO 



PWM1 latch (14-bit) 



MSB 
























LSB 






J 



-6- 



Selection gate connected to black 
colored side when 
reset 

Pass gate 



14-bit PWM circuit 



Y/(4MHz) 



(2MHz) I 

PMO 



PWM1 



Timing generator 
for PWM 



(8192a/s period) 



P6, D6, 

□ □ 



PM1 



P6,/PWM1 

ho 



P6 2 D6 2 



6-bit PWM circuit 



PWM2 

(Address 00F2 16 ) 



7 6 

PWM2 latch 

(6 bit) 



LSB 



(1024/zs period) 



PWM2 



P6 2 /PWM2 

f-o 



6-bit PWM circuit 



MSB 



PWM3 



PWM3 latch 

(6-bit) 



PM3 



register 



btt5 



bitOl 



bit5 



"IT 



PWM3 

register (Address 00F3 16 ) 



bitO 



P6 3 /PWM3 



P6 3 D6 3 

PM : PWM output mode register (Address 00F5 16 ) 
D6 : Port P6 directional register (Address 00EF 16 ) 
P6 : Port P6 register (Address 00EE 16 ) 



Fig.9 Bloock diagram of the PWM circuit 
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Bit 5 
Bit 4 
Bit 3 
Bit 2 
Bin 1 
BitO 



0 1 2 3 4 5 6 7 8 12 16 20 24 28 32 36 40 44 48 52 56 60 63 



ji n n n n n n n 



Contents 
' of the latch 



When00 1f 



When 01 v 



When18 16 

(24) 

When 28, 6 

(40) 

When3B 16 

(59) 

When3F 16 " 

(63) 



Jl 



JL 



JL 



JL 



JL 



Jl 



il 



(a) Pulses showing the weight of each bit 



JL 



._JinjLJWLJinn_jir^ 
JLnjii¥njLnr~iJirij~iJW 



When output is lower 6 bits of PWM1 t = 128/us T = 8192/zs 
When output is PWM2 and PWM3 t = 16/us T = 1024/^s 

When f(X IN )=4MHz 

(b) Example of 6-bit PWM output 
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T = 64t 







Fig. 10 6-bit PWM timing diagram 
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PWM1-H 



Data in address 00F0 16 is # 6A 16 



Data in address 0OFO 16 is # 7B 16 



register 



59 16 



6A, 6 



PWM1-L 



Data in address 00F0i 6 is # 24 16 ^ Bit 7 reset after transfer 



register 



13 u 



A4 1( 



PWM1 latch 

(14 bit) 



24 u 



Register to latch tranfer 



1653 16 ^1A93 16 



1AA4 16 



7B, £ 



Data is address 00F1 16 is # 35 16 



1 35« 



B5„ 



-7 



1AA4 16 V 1EE4 U 



Register to latch tranfer 



1EF5 16 



T = 8192,/yS 



(64X128//S) 
t = 1 28/j s 



When bit 7 of PWM1-L is "0" register 
to latch transfer will not occur 



( Example 1) 6A 
PWM1 output 
© 

lower 6 bits 

output | 5 

(When H 6A 16 
L 24, 



jiirLruuuinj^ mnjinjiruir 



( Example 2) 
PWMl output 



lower 6 bits 

output 

(When H 6A 16 , 
L 18 16 ) 



6B 6A 6B 6A 6B 6A 6B 6A 6B 



6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 



6B 16 36 times 6A 16 28 



106X64+36 



(107) 



106) 



J3A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 

JIMJUUIJUIJIJI^ 



JTUTLJ71 



6B 16 24 times 6A 16 40 times 



_TU7L 



6A 6B 6A 6B 6A 6B 6A 6A 

.RJTLR 



► 106X64+24 



6B 6A 



Minimum bit resolution width 



PWM1 output 
8-bit counter 



| 02 | 01 | 00 



High/low-level of the ADD 
section is determined by 
the data contained in 
the lower 6 bit 



r =Q.bus 



t= 128a/s 
(256X0. 5^s 



6A i 69 ' 68 ' 67 1 



i 02 1 01 



FF i FE i FDi FC 1 

L__^ I I 



' 97 | 96 i 95 1 



I I I 

i 02 ] 01 1 00 



High-level area output, the length 

of which is specified PWM-H 



1 i I I i 1 1 

6A j 69 | 68 | 67 | — | 02 J 01 1 



FF 1 FE 1 FD 1 FC 1 
I I I I 



I I I I 

' 97 i 96 i 95 ' 



256 r (128/;s) standard 



Fig. 11 14-bit PWM timing diagram 
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PWM output mode register 
(Address 00F5 16 ) 

PWM1 , PWM2, PWM3 count source 
selection bit 

0 : Supply 

1 : Stop 

P6,/P\NMi output selection bit 

0 : Parallel port 

1 : PWM, output 

P6 2 /PWM 2 output selection bit 

0 Parallel port 

1 : PWM 2 output 

- P63/PWM3 output selection bit 

0 : Parallel port 

1 : PWM 3 output 

- INT, input reverse bit 

0 '. INT (leading-edge interrupt 

request) 

1 : INT (trailing-edge interrupt 

request) 

- INT 2 input reverse bit 

0 : INT (leading-edge interrupt 

request) 

1 : INT (trailing-edge interrupt 

request) 

" P60/T! output selection decision bit 
(reading only) 

0 : Parallel port 

1 : Output is 1 12 that of timer 1 



11 



TL 



Serial I/O mode register 
(Address 00F6 16 ) 

Sync clock selection bit 
00/01 : External clock 

10 : 1/2 timer 1 

11 '. 1/8 internal clock <f> 

1/16 of the X, N oscillation frequency 
during normal operation 
1/16 of the X C in oscillation frequency 
during low speed operation 
Serial I/O port selection bit (P3 4> P3 5 ) 

0 : Parallel port 

1 : Serial I/O port 
-Srdy signal output selection bit (P3 7 ) 

0 : Parallel port 

1 : S RD Y signal output pin 

- P6 0 /T output selection bit 

0 : Parallel port 

1 : Output is 1/2 timer 1 



- P6 0 /T output function selection bit 

0 : Sync mode 

(EAROM clock input signal generation) 

1 : Asynchronous mode 

-Clock (X, N — X OU t) stop bit 

0 : Oscillate 

1 : Stop 

-Internal system clock generation selection 

0 : X, N — X OU t selection (normal mode) 

1 : X C | N — Xcout selection 
(low-speed mode) 



Fig. 12 Structure of PWM output mode register 



Fig. 13 Structure of serial I/O mode register 
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PORT P60/TIMER 1 OUTPUT 

Bit 0 of port P6 outputs 1/2 the frequency of timer 1 when 
00F6 16 bit 4 of the serial I/O mode register (address 
00F6 16 ) is changed. The output switching can be accom- 
plished with either of two procedures, synchronous mode or 
asynchronous mode, depending on the setting of bit 5 
(SM 5 ) of the serial I/O mode register. 
When SM 5 is set to "0" the synchronous mode is set. In 
such a case, after SM 4 has been changed, synchronization 
is set to the 1/2 frequency of timer 1 and switching be- 
tween the port latch and timer takes place. It is possible to 
ascertain whether switching actually occurred by reading 
the value of bit 6 (PM 6 ) of the PWM output mode register. 



From the time that the contents of SM 4 was changed to the 
point where switching completes, the contents of neither 
SM 4 nor P6 0 may be changed. Use of the synchronous 
mode prevents the generation of a pulse shorter than the 
timer output during swiching. Figure 14 (a) gives an exam- 
ple of timing in the synchronous mode. Use of the synchro- 
nous mode allows generation of an EAROM clock input sig- 
nal through the use of a simple program. 
When SM 5 is set to "1", the asynchronous mode is set. In 
this case, the output switching occurs directly after SM 4 has 
been changed. Figure 14 (b) gives an example of timing in 
the asynchronous mode. 



sm 4 



1 /2 of T1 



PM 6 



P6 0 latch 



Latch output 



P6 0 /T output 



SM 4 



( Note 1 ) 



Timer output 



(a) Synchronous mode (SM 5 =0) 



1/2 of T1 
PM 6 

P6 0 latch 



Latch output 
>< 



Timer output 



P6 0 /T output 



(b) Asynchronous mode (SM 5 =1 ) 
Output switching occurs at the trailing edge of timer 1 divided signal when 
the value of the P6 0 latch is "0" and at the leading edge of timer 1 divided 
signal when the value of the P6 0 latch is "1" 



Fig. 14 P6 0 /T switching timing diagram 
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COMPARATOR CIRCUIT 

The comparator circuit is shown in Figure 15. The compara- 
tor circuit consists of the switch tree, ladder resistor, com- 
parator, comparator control circuit, comparator register 
(address 00FB 16 ), and analog signal input pin (P3 3 /AN IN ). 
The analog input pin is common with the digital input/out- 
put terminal to the data bus. 

The 5-bit comparator register can generate 1/16V C c-step 
internal analog voltage, based on the settings of bits 0 to 3. 
Table 3 gives the relation between the descriptions of com- 
parator register bits 0 to 3 and the generated internal ano- 
log voltage. The comparator result of the analog input vol- 
tage and the internal analog voltage is stored in the compa- 
rator register, bit 4. 

The data is compared by setting the directional register 
corresponding to board P3 3 to "0" (board P3 3 enters the in- 
put mode), to allow board P3 3 /AN| N to be used as the ana- 
log input pin. The digital value corresponding to the internal 
analog voltage to be compared is then written in the com- 
parision register (address 00FB 16 ), bits 0 to 3. The voltage 
comparision starts as soon as the writing is completed. 4- 
cycle (required for comparating) later, the result of com- 
parision is stored in the comparator register, bit 4. Bit 4 is 
"1" when analog input voltage > internal analog voltage 
and "0" when analog input voltage < internal analog vol- 
tage. 

When voltage is compared to by setting bits 0 to 3 of the 
comparator register "0", bit 4 of the comparator register be- 
comes "1" regardless of the analog input voltage. 



Table 3. Relationship between the contents of 

comparator register and internal voltage 



Comparator register 


Internal analog voltage 


bit 3 


bit 2 


bit 1 


bitO 


0 


0 


0 


1 


1/16V cc -1/32Vcc 


0 


0 


1 


0 


2/16Vcc-1/32Vcc 


0 


0 


1 


1 


3/16V cc — 1/32V CC 


0 


1 


0 


0 


4/1 6Vcc- 1/32 Vcc 


0 


1 


0 


1 


5/16V cc — 1/32V CC 


0 


1 


1 


0 


6/16V cc -1/32Vcc 


0 


1 


1 


1 


7/16V cc -1/32Vcc 




0 


0 


0 


8/1 6 Vcc— 1/32V CC 




0 


0 


1 


9/16Vcc-1/32V C c 




0 


1 


0 


10/16Vcc-1/32V C c 




0 


1 


1 


11/16Vcc-1/32V cc 




1 


0 


0 


12/16Vcc-1/32V C c 




1 


0 


1 


13/16Vcc-1/32V C c 




1 


1 


0 


14/16V cc -1/32Vcc 




1 


1 


1 


1 5/1 6 V cc - 1/32 V cc 



Data bus 



(Address 00E8 16 ) 



Comparator control 
circuit 



P3 3 O 



Analog input 
voltage 




Output of 
comparator Jf 4 
result 



Comparator register 
(Address 00FB 16 ) 





( 








Bit 4 


Bit 3 


Bit 2 


Bit 1 


BitO 



Internal analog voltage 



Switch tree 



Ladder resistor 



o 



o 

Vcc 



Fig. 15 Comparator Circuit 
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RESET CIRCUIT 

For the reset sequence of the M37421 M6-XXXSP, one of 
the two modes can be selected by mask option: the normal 
operation start mode which executes reset by normal op- 
eration (f(X| N ) = 4.2MHz) and the low-speed operation 
start mode which executes reset by low-speed operation (KXcin) 
= 32 kHz). 

In the normal operation start mode, the supply voltage is 
4.5—5.5 V and when the RESET pin is held at "L" for 2 /us 
or more and returned to "H", reset is cleared according to 
the sequence shown in Figure 18. Both X !N clock and X C in 
clock start oscillating. To generate the time of waiting for 
stabilization of X !N clock oscillation, timer 2 and timer 3 are 
connected and the resulting signal divided by 16 is counted 
2048 times to clear the internal reset state. Then, the prog- 
ram starts from the address with the contents of address 
FFFF 16 being the higher address and the contents of 
address FFFE 16 being the lower address. 
In the low-speed operation start mode, the supply voltage 
is 2.7 — 5.5 V and when the RESET pin is held at "L" for 



address 

(1) Port P0 register (P0) (E0 16 ) 

(2) Port P1 register (P1) (E2 16 ) 

(3) Port P2 directional register (D2) (E5 16 ) 

(4) Port P3 directional register (D3) (E9 16 ) 

(5) Port P4 register (P4) (EA 16 ) 

(6) Port P5 register (P5) (EC 16 ) 

(7) Port P6 directional register (D6) (EF 16 ) 

(8) PWM output mode register (PM) (E5 16 ) 

(9) Serial I/O mode register (SM) (E6 16 ) 



00 16 



00 16 



00 16 



00 1£ 



00 1£ 



00 16 



0 0 



normal operation start mode 



(10) Comparator register 

(11) Timer 2 

(12) Timer 3 

(13) Interrupt control register 

(14) Timer control register 



low-speed operation start mode 
(CR) (FB 16 ) 



(T2) (FC 16 ) 

(T3) (FD 16 ) 

(IM) (FE 16 ) 

(TM) (FF 16 ) 



FF 16 



07 16 



00 16 



00, 6 



(15) Processor status register 
(only the interrupt disable flag 
is set) 

(16) Program counter 



(PS) 

(PC H ) 
(PC L ) 



Contents of address FFFF 16 



Contents of address FFFF 1( 



Since the contens of both registers other than those listed above 
(including timer 1 and the serial I/O registers) and the RAM are unde- 
fined at reset, it is necessary to set intial values 



2/us or more and returned to "H", reset is cleared accord- 
ing to the sequence shown in Figure 19. At this time, X, N 
clock does not start oscillating. To generate the time of 
waiting for stabilization of X C i N clock oscillation, timer 2 and 
timer 3 are connected and X C | N is counted 2048 times to 
clear the internal reset state. Then, the program starts from 
the address with the contents of address FFFF 16 being the 
higher address and the contents of address FFFE 16 being 
the lower address. If X C in clock is stable, the wait time is 
about 62.5ms (f(X CIN ) = 32.768 kHz) . However, im- 
mediately after power-on, the time required to start oscilla- 
tion depends on the characteristic of the oscillator. 
The internal initializations following reset are shown in Fi- 
gure 16. An example of the reset circuit is shown in Figure 
17. The reset input voltage must be kept below 0.6V until 
the supply voltage surpasses 4.5V at the normal operation 
start mode, and below 0.5V until the supply voltage surpas- 
ses 2.7V at the low-speed operation start mode. When 
selecting the </> output to stop, the output of <f> pin becomes 
"H" level from "L" level at internal reset clear. 



Power on 




(Note 2) 



Note 1 : Reset voltage 

normal operation start mode V cc = 4 5V 
low-speed operation start mode V C c = 2 7V 
2 : Reset input voltage 

normal operation start mode 0 6V 
low-speed operation start mode 0 5V 



Supply voltage 
detection circuit 




Fig. 17 Example of reset circuit 



Fig. 16 Internal state of microcomputer at reset 
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5. 5V 
4. 5V 



I 2^s 



XoUT I f- 

(4MHz) U 



XcoUT 

(32kHz) ' 



mi 



Time until oscillation starts Wait time for oscillation stability 



Internal 
reset 



Time until oscillation starts 



System 
clock 

address 

data 

SYNC 




I — L_ 



Fig. 18 Reset sequence at normal operation start mode 



Vcc 



5. 5V 
2. 7V ! \y 



RESET 



A 




» Oscillation stops 





XoUT 

(4MHz) 

XcOUT 

(32kHz) 



-f 



six: 



Time until oscillation starts Wait time for oscillation stability 



Internal 
reset 



62. 5^ s 



System 
clock 

Address 

Data 



Fig. 19 Reset sequence at low-speed operation start mode 
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I/O PORTS 

(1) PortPO 

Port PO is an 8-bit output port with high-breakdown vol- 
tage P-channel open drain outputs featuring a break- 
down voltage of V C c-38V. Each pin contains a pull- 
down resistor making V P a negative power source. As 
shown in the memory map in Figure 1 , port PO is used 
on the zero page at address 00E0 16 in memory. 

(2) PortPI 

Port P1 has the same functions as port PO. 

(3) PortP2 

Port P2 is an 8-bit I/O port with N-channel open drain 
outputs. As shown in Figure 1, port P2 is used at 
address 00E4 16 in the memory. 

Port P2 has a data direction register (address 00E5 16 
on zero page) and programming can be undertaken for 
an individual bit to use the port for input or output. The 
pins where the data direction register is programmed 
to "1" are for output and those where the register is 
programmed to "0" are for input. 
The data written into the pin programmed as an output 
pin are written into the port latch and supplied directly 
to the output pin. When reading the data from a pin 
programmed as an output pin, it is not the output pin 
contents which are read but the port latch contents. 
Consequently, since an LED or other similar part is 
driven directly, the value output previously can be read 
correctly even if the low-level output voltage goes high. 
The pin programmed as an input pin remains floating, 
so external signals can be read. When data is written, 
it is written into the port latch only and the pin remains 
floating. 

(4) PortP3 

Apart from the fact that part of the pins are also used 
as serial input/output pins, analog input pin and timer 3 
clock input pin, its functions are the same as those of 
port P2. 

(5) PortP4 

Port P4 has the same functions as port PO. 



(6) Port P5 

Bits 0 and 1 of port P5 have the same functions as port 
P4. 

Bits 2 and 3 are exclusively used as inputs for mutual 
use as interrupt inputs. These pins feature hysteresis 
characteristics. These pins can also be used for fetch- 
ing inputs even when being used as interrupt inputs. 
The interrupt request bits (bit 7 and 1 of address 
00FE 16 =INT 1 and INT 2 , respectively) are set to "1" 
when the inputs of ports P5 3 (INTJ and P5 2 (INT 2 ) 
change. Depending on the contents of bits 4 and 5 of 
the PWM output mode register PM (address 00F5 16 ), 
either a raising-edge interrupt or a falling-edge inter- 
rupt may be selected as the interrupt source. (Refer to 
Figure 12.) 

Since interrupt input and normal input ports are used 
together in the M37421 M6-XXXSP, unwanted noise 
may mistakenly cause interrupts. This problem can be 
overcome by programming. 

When changing either bit 4 (PM 4 ) or bit 5 (PM 5 ) of the 
PWM output mode register, it is necessary for the in- 
terrupt request enable bit (either bit 6 or 0 of address 
00FE 16 ) to be set to the interrupt disable condition 
("0"). If this is not done, an interrupt will be generated 
when either PM 4 or PM 5 is changed. 
Bits 4 through 7 of port P5 is a 4-bit input port. 

(7) PortP6 

Port P6 is a 6-bit I/O port having the same functions as 
Port P2. The output is CMOS three-state. Bit 0 is used 
in common with the timer output. Bits 1~3 are used in 
common with PWMs 1~3. 

A block diagram of ports PO through P6 are shown in 
Figure 19. 

(8) Clock 0 output pin 

The clock frequency, divided by two, is output (X )N ). 
However, in the low-speed mode 1/2 the clock fre- 
quency for timer (X C in) is output. RESETqut signal can 
be output by option. 
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Port latch 




1— I 












M 



-9- 

* 



o 



High voltag e P-channel open drain 
(with pull-down resistors) 



Ports PO, P1 , P4, P5 0l P5, 



A Directional register 



Port latch 



>1L 



Only P3 3 has analog input 
N-ch open drain output 



-O 



Note : P3 may also be used as a serial 
input/output pin 



Data bus - 



Directional register 



t 




CMOS Tri-state output 



-rO 



Port 6 



Note : Bits 0~3 may also be used as timer 
outputs and PWM output pins 



Data bus - 
INT ■ 



Input 




Schmitt input 



Ports P5 2 , P5 3 



PWM mode register 



Ports P5 4 ~P5 7 



CMOS output 



3-o 



* High voltage P-channel transistor 



Fig.20 Block diagram of port P0~P6 (single-chip mode) and output format of <t> 



3-344 



MITSUBISHI 
k ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M37421M6-XXXSP/FP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



CLOCK GENERATING CIRCUIT 

The M37421 M6-XXXSP has two internal clock generating 
circuits. Figure 23 shows a block diagram of the clock 
generating circuits. The internal 0 after reset can be 
selected by option, the normal operation start mode and the 
low-speed operation start mode. 

The frequency applied to the X iN pin divided by two is used 
as the internal clock at the normal operation start mode. 
The frequency applied to the X C in pin divided by two is 
used as the internal clock at low-speed operation mode. 
Both X| N and X C | N clocks start oscillation after reset at nor- 
mal operation start mode. Bit 7 of serial I/O mode register 
(SM 7 ) can be used to switch the internal clock 0to 1/2 the 
frequency applied to the X C in pin. When using X C | N clock 
pin is connected to Vss and leave the 

Xout pin open. 

Only X C in clock starts oscillation after reset at low-speed 
operation start mode and starts by low-speed operation. Bit 
6 of the serial I/O mode register (SM 6 ) must be set to "0" 
then bit 7 (SM 7 ) must be set to "0" to switch 0to the nor- 
mal operation mode. However, the wait time until the 
oscillation stabilizes must be generated with a program at 
this case. 

Figure 21 shows a circuit example using a ceramic (or 
crystal) oscillator. Use the manufacturer's recommended 
values for constants such as capacitance which will differ 
depending on each oscillator. When using an external clock 
signal, input from the X, N (X C , N ) pin and leave the X OU t 
(Xcout) pin open. A circuit example is shown in Figure 22. 
The M37421 M6-XXXSP has two low power dissipation mod- 
es; stop and wait. The microcomputer enters a stop mode 
when the STP instruction is executed. The oscillator (both 
Xim clock and X C in clock) stops with the internal clock </> 
held at "H" level. In this case timer 2 and timer 3 are forc- 
ibly connected and 0/4 is selected as timer 2 input. When 
restarting oscillation, FF 16 is automatically set in timer 2 and 
07 16 in timer 3 in order to enable the oscillator to stabilize. 
Before executing the STP instruction, the timer 2 count stop 
bit must be set to supply ("0"), timer 2 interrupt enable bit 
and timer 3 interrupt enable bit must be set to disable ("0"), 
and timer 3 interrupt request bit must be set to no request 
("0"). 

Oscillation is restarted (release the stop mode) when INT-!, 
INT 2 , or serial I/O interrupt is received. The interrupt en- 
able bit of the interrupt used to release the stop mode must 
be set to "1". When restarting oscillation with an interrupt, 
the internal clock <f> is held "H" until timer 3 overflows and 
is not supplied to the CPU. When oscillation is restarted by 
reset, "L" level must be kept to the RESET pin until the 
oscillation stabilizes because no wait time is generated. 
The microcomputer enters a wait mode when the WIT in- 
struction is executed. The internal clock <t> stops at "H" 
level, but the oscillator does not stop. <t> is re-supplied (wait 
mode release) when the microcomputer is reset or when it 
recieves an interrupt. 



Instructions can be executed immediately because the 
oscillator is not stopped. The interrupt enable bit of the in- 
terrupt used to reset the wait mode must be set to "1" be- 
fore executing the WIT instruction. 

Low power dissipation operation is also achieved when the 
X| N clock is stopped and the internal clock <t> is generated 
from the X C in clock (2007/ A or less at f(X C i N ) = 32kHz). X,n 
clock oscillation is stopped when the bit 6 of serial I/O 
mode register (address 00F6 16 ) is set and restarted when 
it is cleared. However, the wait time until the oscillation sta- 
bilizes must be generated with a progra m when restarting. 
An "L" level must be kept to the RESET pin unit the oscilla- 
tion stabilizes when resetting while the X !N clock is stop- 
ped. Figure 24 shows the transition of states for the system 
clock. 



M37421 M6-XXXSP 




Fig.21 Example ceramic resonator circuit 



M37421 M6-XXXSP 

t 28 Open 29 30f O pen31 
External oscillating External oscillating circuit 
circuit or external pulse 



JUUUW v! 




Fig.22 Example clock input circuit 
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9 0 



XoUT 

o 



System clock 
stop bit 



SM 6 
SM 7 



o 



Internal system 
clock source 
selection SM 7 



STP 
instruction 



WIT — 
instruction 



1/2 -p 1/8 Timer2 



Timer 3 



Timer 2 count source 
selection TM 3 



Timing <t> 
(internal clock) 





Reset 



- STP instruction 




Interrupt disable flag I 




INTt interrupt enable 
INT! interrupt request 

- Timer 3 interrupt enable 
■ Timer 3 interrupt request 

Timer 2 interrupt enable 
Timer 2 interrupt request 

— Timer 1 interrupt enable 

Timer 1 interrupt request 
(or serial I/O) 
INT 2 interrupt enable 

INT 2 interrupt request 



Fig.23 Block diagram of clock denerating circuit 
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^ Reset 



Normal operation start mode (Note 4) 



4MHz oscillation 
32kHz oscillation 
0=stop(high-level) 
Timer operation 




STP instruction 



Interrupt Note 1 ) 
[External INT | 
IS I/O interruptJ 



4MHz stop 
32kHz stop 
0=stop 



STP instruction 



Interrupt! Note 2) 
[External INT 1 
LS I/O interruptJ 

SM 6 =0 

(It is necessary to program a 
latency period sufficient to allow 
the 4MHz oscillation to stabilize 



STP instruction 




lnterrupt(Note2) 
[External INT 1 
l-S I/O interruptJ 




^ Reset ^ 



Low-speed operation start mode (Note 4) 
The above example assumes that signals of 4MHz and 32kHz are being applied to pins X jN X C in respectively 0 signifies the internal clock 

Note 1 I Apporoximately 8ms of latency time are automatically generated upon release 
from the STP instruction due to the connbctions of timer 2 and 3 
2 : Approximately Isec of latency time exists after the release of the STP instruction. 

3' When the internal clock 1/8 frequency is connected as a timer count source, the count source becomes 2kHz 
4 : Specify at mask ROM ordering 



Fig.24 Transition of states for the system clock 
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*<An example of flow for system^ 



Power on reset 
1 

Clock X and clock for clock function X c oscillation 
1 

Internal system clock start (X— *-1/2-* <f>) 
Program start from RESET vector 



Power on reset 
I 

Clock Xc oscillation, clock X stop 
Internal system clock start (Xc-*1/2-*0 
Program start from RESET vector 



Normal program 



-♦-Operating at 32kHz 



i 



Normal program 



-Operating at 4 MHz 



Clock X oscillation start 

Oscillation rize time (Software) 

Internal clock switching XciN^XiNCSMy : 1-*0) 



s , 

Internal clock <t> source switching X( 4 MHz)— X CL k(32. 768kHz) (SM 7 : 0 — 1 ) 

Clock X halt(X c in operation) 

Internal clock halt(WIT instruction) 
1 

"Timer 3 (clock count) overflow 
i 

Internal clock operation start (WIT instruction released) 



Clock processing routine 



<— Operating at 32. 768kHz 



5 

1 — Internal clock halt (WIT instruction) 



Interrupts from INT - !, timer 2, timer 1 or serial I/O, INT 2 
Internal clock operation start (WIT instruction released) 
Program start from interrupt vector 
Clock X oscillation start (SM 6 : 1 — 0 ) 



Oscillation rise time routine (software) 



"-Operating at 32. 768kHz 



i 



Internal clocks source switching (X C -*X)(SM 7 ". 1 — * 0 ) 



S 



Normal program 



♦Operating at4MHz 



STP instruction preparation (pushing registers) 



i 

Timer 2, timer 3 interrupt disable, timer 3 interrupt no request (IM 4 = 0 , TM 6 = 0 , TM 7 = 0 ) 

Timer 2 count stop bit resetting (TM 5 = 0 ) 

Clock X and clock for clock function X c halt (STP instruction) 



RAM backup status 



Interrupts from INT^ serial I/O, INT 2 

Clock X and clock for clock function X c oscillation start 

Timer 3 overflow (X/16 or X c /16— - timer 2 -+timer 3) 
(Automatically connected by the hardware) 

Internal system clock start (X/16 or Xc/2-*0) 

Program start from interrupt vector 



Normal program 
S 
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PROGRAM NOTES 

(1) The frequency ratio of the timer and the prescaler is 1/ 
(n+1). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program) , those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(3) When 0/4 or it divided by timer are used as clock for 
timer, the contents of the timer can be read at volun- 
tary timing. 

However, when an other clock (except above clocks) 
is input to timer, read the contents of timer either while 
the input of the timer is not changing or after timer 
count is stopped. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 

(3) ROM data EPROM 3 sets 

Write the following option on the mask confirmation form 

(1) <f> output stop option 

(2) Internal reset timing option 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V c .c 


Supply voltage 


With respect to Vss. 
Output transistors cut-off 


— 0. 3—7 


V 


v P 


Pull-down input voltage 


Vcc-40— Vcc+0. 3 


V 


v, 


Input voltage, P2 0 ~P2 7 , P3 0 ~P3 2 , P3 4 ~P3 7 , 
CNVss, P5 2 /INT 2 , P53/INTT 


-0. 3-13 


V 


v, 


Input voltage, RESET, X| N , Xcin 


-0. 3—7 


V 


v, 


Input voltage, P6 0 ~P6 5 , P3 3 


-0. 3— Vcc+0. 3 


V 


v. 


Input voltage, P5 4 ~P5 7 


-0. 3-13 


V 


V 0 


Output voltage, P2 0 ~P2 7 , P3 0 ~P3 2 , P3 4 ~P3 7 


-0. 3—13 


V 


Vo 


Output voltage, P6 0 ~P6 5 , X 0 ut. X CO ut, 4>, P3 3 


-0. 3— Vcc+0. 3 


V 


V 0 


Output voltage, P0 0 ~P0 7 , P1 0 ~P1 7 , P4 0 ~P4 7 , P5 0 , P5i 


Vcc-40— Vcc+0. 3 


V 


Pd 


Power dissipation 


T a = 25°C 


1000 (Note 1 ) 


mW 


T opr 


Operating temperature 




-10—70 


°C 


Tstg 


Storage temperature 




-40-125 


°C 



Note 1 : 600mW for QFP types 



RECOMMENDED OPERATING CONDITIONS (V CC =5V±10%, T a =-10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


V CC 


Supply voltage 


f(X, N )=4.2MHz 


4.5 


5 


5.5 


V 


f(X C iN)=32kHz 


2.7 


5 


5.5 


V 


v P 


Pull-down supply voltage 


Vcc-38 




V C c 


V 


Vss 


Supply voltage 




0 




V 


V,H 


"H" input voltage P2 0 ~P2 7 , P3 0 ~P3 7 , CNV ss (Note 1 ) 
P5 2 /INT 2 , P5 3 /INTi, P6 0 ~P6 5 


0. 75V CC 




V C c 


V 


V, H 


"H" input voltage RESET, X| N , X C | N 


0. 8V CC 




Vcc 


V 


V,h 


"H" input voltage P5 4 ~P5 7 


0. 4V CC 




Vcc 


V 


V, L 


"L" input voltage P2 0 ~P2 7 , P3 0 ~P3 7 , CNV S s 
P5 2 /INT 2 , P53/INT 1( P6 0 ~P6 5 


0 




0.25V CC 


V 


V, L 


"L" input voltage RESET 


0 




0.12V CC 


V 


V, L 


"L" input voltage X| N , X C in 


0 




0.16V CC 


V 


V, L 


"L" input voltage P5 4 ~P5 7 


0 




0.12V CC 


V 


•ohCsuiti) 


"H" sum output current P0 0 ~P0 7 , P1 0 ~P17, P4 0 ~P4 7 
P5 0 , P5i 






-120 


mA 


loH(sum) 


"H" sum output current P6 0 ~P6 5 






-5 


mA 


'oL(sum) 


"L" sum output current P2 0 ~P2 7 , P3 0 ~P3 7 , P6 0 ~P6 5 






50 


mA 


'oH(peak) 


"H" peak output current P0 0 ~P0 4 






-40 


mA 


'oH(peak) 


"H" peak output current P0 5 ~P0 7 , P1 0 ~P1 7 






-30 


mA 


'oH(peak) 


"H" peak output current P4 0 ~P4 7 , P5 0 , P5i 






-24 


mA 


'oH(peak) 


"H" peak output current P6 0 ~P6 5 






-3 


mA 


'oL(peak) 


"L" peak output current P2 0 ~P2 7l P3 0 ~P3 7 






15 


mA 


'oL(peak) 


"L" peak output current P6 0 ~P6 5 






3 


mA 


'oH(avg) 


"H" average output current P0 0 ~P0 7 , P1 0 ~P1 7 






-18 


mA 


'oH(avq) 


"H" average output current P4 0 ~P4 7 , P5 0 , P5i 






-12 


mA 


'oH(avg) 


"H" average output current P6 0 ~P6 5 






-1.5 


mA 


'oL(avg) 


"L" average output current P2 0 ~P2 7 , P3 0 ~P3 7 






10 


mA 


'oL(avg) 


"L" average output current P6o~P6s 






1.5 


mA 


f(P3 2 /CNTR) 


Timer 3 counter clock input 
oscillation frequency (Note 2 ) 


f(X, N )=4.2MHz 






250 


kHz 


f(X C i N )=32kHz 






50 


f(x IN ) 


Clock input oscillating frequency (Note 2, 3,5) 






4.2 


MHz 


f(X C i N ) 


Clock oscillating frequency for clock function 




32. 768 


50 


kHz 



Note 1 : High-level input voltage of up to + 12V may be applied to permissible for ports P2 0 ~P2 7 , P3 0 ~ 
P3 2 , P3 4 ~P3 7 , CNV S s, P5 2 and P5 3 

2 i Oscillation frequency is at 50% duty cycle 

3 '- When used in the low-speed mode, the timer clock input frequency should be f(X C iN) < f(X| N )/3 

4 : The average output current louavg) and l 0 H(avg) are m period of 100ms 

5 When external clock input is used, the timer clock input frequency should be f(X C i N ) ^ 50kHz 
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ELECTRICAL CHARACTERISTICS (V C c = 5V±10%, V ss = OV, T a = 25°C, f(X IN ) = 4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ. 


Max 


VoH 


"H" output voltage P6 0 ~P6 5 


Ioh= — 0. 5mA 


Vcc-0. 4 






V 


VoH 


"H" output voltage 4> 


l 0 H=-2.5mA 


Vcc-2 






V 


VoH 


"H" output voltage P0 0 ~P0 7> P1 0 ~P17 


l 0H =-18mA 


Vcc-2 






V 


VoH 


"H" output voltage P4 0 ~P4 7 , P5o, P5i 


l 0 H=-12mA 


Vcc-2 






V 


Vol 


"L" output voltage P2 0 ~P2 7l P3 0 ~P3 7 


l O L=10mA 






2 


V 


Vol 


"L" output voltage P6 0 ~P6 5 


l OL =0. 5mA 






0.4 


V 


Vol 


"L" output voltage <f> 


l 0L =2. 5mA 






2 


V 


V t +-V t - 


Hysteresis P5 2 /INT 2 , P53/INT! 




0.3 




1 


V 


v T +-v T - 


Hysteresis RESET 






0.5 


0.7 


V 


V T +-V T - 


Hysteresis P3 6 


When used as CLK input 


0.3 




1 


V 


IlL 


"L" input current P2 0 ~P2 7 , P3 0 ~P3 7 


V|=0V 






—5 


U A 


I.L 


"L" input current P6 0 ~P6 5 


V,=0V 






-5 


M A 


I.L 


"L" input current P5 4 ~P5 7 


V,=0V 






-5 


juA 


I.L 


"L" input current RESET, X| N( Xcin 


V,=0V 






-5 


HA 


I.L. 


"L" input current P5 2 /INT 2> P53/INT! 


V,=0V 






-5 


juA 


I,H 


"H" input current 


P2 0 ~P2 7 , P3 0 ~P3 7 


V,=5V 






5 


juA 


P2 0 ~P2 7 , P3 0 ~P3 2 , P3 3 ~P3 7 


V,=12V 






12 


I.H 


"H" input current P6 0 ~P6 5 


V,=5V 






5 


M A 


l|H 


"H" input current P54~P5 7 


V,=5V 






5 


VA 


V,= 12V 






12 


l|H 


"H" input current RESET, X| N , X C i N 


V|=5V 






5 


/uA 


I.H 


"H" input current P5 2 /INT 2 , P53/INT! 


V,=5V 






5 


M A 


Vi=12V 






1 2 


'load 


"L" output current 


P0 o ~P0 7 , P1 0 ~P1 7 , P4 0 ~P4 7 , P5 0> P5! 


Vp — Vcc oOV, VOL — V CC 


1 50 


500 


900 


fxA 


'leak 


P0o~P0 7 , P1 0 ~P1 7 , P4 0 ~P4 7 , P5 0 , P5! 


V P =V CC -38V, Vol=V CC -38V 






30 


juA 


Vram 


RAM retention voltage 


at clock stop 


2 




5.5 


v 


Ice 


Supply current 


Output pins open (output OFF) 
Vp == Vcci Vp=V S s Input and I/O pins all at V S s 
Xin=4MHz (system operation) 




6 


12 


mA 


ditto (at comparator mode) 




6 


12 


ditto (at wait mode) 




1 




Xin — Xout stop 

X C iN = 32kHz (at system operation) all other 
conditions same as above 




60 


200 


M A 


ditto (at wait mode) 




40 




Oscillation all stopped 
(at STOP mode) 


T a =25°C 






1 


T a =70°C 






10 
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COMPARATOR CHARACTERISTICS (v cc =5v±io% ( v C c=ov, T a =25°c, f(x IN )=4MHz) 



Parameter 


Limits 


Unit 


Min. 


Typ 


Max 


Resolution 






(V16)V CC 


V 


Internal analog voltage error 






±(1/16)V CC 


V 


Analog input voltage 


0 




Vcc 


V 



X 1 =4MHz ceramic oscillator 
X 2 =32. 768kHz quartz crystal 
C 1 =c 2 =30pF oscillator 
R, = 1Mfl 
C 3 =10pF 
C 4 =30pF 
R 2 =10Mn 
R 3 =100kn 

Output pins are open 

Fig.25 Supply current test circuit 
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TIMING REQUIREMENTS 

Single-Chip mOde (Vcc = 5V±10%, V ss = OV, T a = 25°C, f (X 1N ) = 4MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm. 


Typ 


Max 


*C(x, N ) 


External clock input cycle time (X| N input) 


238 






ns 


tw(X| N ) 


External clock input pulse width (X| N input) 


75 






ns 


^(XciN) 


External clock input cycle time (X C in) 


2.0 






ms 


WCXcn) 


External clock input pulse width (X C in) 


1.0 






ms 


tr 


External clock rise time 






25 


ns 


tf 


External clock fall time 






25 


ns 



Timing requirements of X, N 





^o.ievcc J 


C 0. 8V CC \^ 

t(WH) 


t(WL) 



■ 0. 8V C , 



Parameter 


Mm. 


Typ. 


Max. 


Unit 


X| N clock input cycle time tc(X tN ) 


238 






ns 


X| N clock input pulse width "H" t W H 


tcXO. 45 




tcXO. 55 


X| N clock input pulse width "L" t W L 


tcXO. 45 




tcXO. 55 
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DESCRIPTION 

The M37424M8-XXXSP, M37524M4-XXXSP are single-chip 
microcomputers designed with CMOS silicon gate technol- 
ogy. They are housed in a 64-pin shrink plastic molded 
DIP. 

This single-chip microcomputer is useful for business 
equipment and other consumer applications. 
In addition to its simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

The differences between the M37424M8-XXXSP and the 
M37524M4-XXXSP are noted below. The following explana- 
tions apply to the M37424M8-XXXSP. 
Specification variations for other chips are noted accor- 
dingly. 



Type name 


Port P1 output structure 


M37424M8-XXXSP 


CMOS 


M37524M4-XXXSP 


N-channel open drain 



FEATURES 

• Number of basic instructions 70 

68 MELPS 740 basic instructions +2 multiply/divide in- 
structions 

• Memory size ROM 16384 bytes 

RAM 256 bytes 

• Instruction execution time 

1^s (minimum instructions, at 4MHz frequency) 

• Single power supply 5V±10% 

• Power dissipation 

normal operation mode (at 4MHz frequency) 30mW 

• Subroutine nesting 96 levels (Max.) 

• Interrupt 16 types, 16 vectors 

• 8-bit timer 4 

• 16-bit timer 1 

• Serial I/O (8-bit or 16-bit) 1 

• PWM output (14-bit) 1 

• A-D converter (8-bit resolution) 8-channel 

• D-A converter (5-bit resolution) 2 

• D-A converter (8-bit resolution) 2 

• Watchdog timer 

• External trigger output ( 1 -bit) 1 

• V pulse Y pulse generator 

• Programmable I/O ports 

(Ports P0, P1, P2, P3, P4, P5, P6) 56 

APPLICATION 

Office automation equipment 
VCR equipment 



PIN CONFIGURATION (TOP VIEW) 


V cc [± 




64] ++ P3n/S,M 


Vref -*• [7 




63] PSt/Sout 


P4,/ANU -*-*■ IT 




fi?l ■*-*■ /PI K 


P4 6 /AN 6 [7 




671 P3o/Sonv 
_i_J 1 '■'3' VJ RDY 


P4 5 /AN 5 [? 




P3 4 /ToilT 
11. 1 ill 1 u 4' 1 UUI 


P4 4 /AN 4 *+[? 




m ++ P3 5 


P4 3 /AN 3 -*■*- |T 




58j** P3 6 


P4 2 /AN 2 U 




m** P3 7 


P4 1 /AN 1 




po 0 


P4 0 /AN 0 +* [JO 




55]+-* POt 


P6 7 /DA 4 ^|TT 




53** P0 2 


P6 6 /DA 3 ++|]2 




HI** po 3 


P6 5 /DA 2 m 


1 1 


m** po 4 


P64/DA! +♦ [m 




13** po 5 


P63/CNTR! +*|l5 


-fc. 

to I 


5c]++ P0 6 


P6 2 /CNTR 0 ** |H 




49]+* P0 7 


PB^/INT, ++|]7 


h * 


4f[l** P1 0 


P6o/INT o ^01 


X x 

C/3 C/) 


47]** Pll 


P5 7 /YPLS ++ 01 


U U 


4§]+* P1 2 


P5 6 /VPLS +* d 




U*>pi 3 


P5 5 /Q m 




H+*P1 4 


P5 4 /PWM H 




H^pi 5 


P5 3 /INT 5 **[1 




!~P1 6 


P5 2 /INT 4 ++|24 




ID^PIr 


PS^INTs^H 




40l^P2o 


P5 0 /INT 2 -^|26 




P2! 


CNVss HZ 




M+* p 2 2 


RESET — H 




37]^P2 3 






H** P2 4 


XoUT^H 




H^P2 5 






34]^P2 6 


V ss H 




P2 7 


Outline 64P4B 
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M37424M8-XXXSP BLOCK DIAGRAM 



Clock 

Clock input output Timing output 

X|N XouT 0 

-m 00)— -(31) 



Reset input 
RESET 



Voc 

-Q>- 



Data bus 



Clock 
generating circuit 



Watchdog timer 




7V 



IZ 



TV 



iz 



Program 


Program 


counter 


counter 


PC H (8) 


PC L (8) 



ROM 
16384 bytes 



I INT 2 
' INT 3 
| INT4 

; int 5 



8-bit 
arithmetic 
and logical 

unit 



IZ 



Accumulator 

A(8) 

— T> — 



Processor 
status 
register PS(8) 
~7V 



Index 
register 
X(8) 
—7% 



iz 



7T 





Index 




Stack 




register 




pointer 




Y(8) 




S(8) 



\7 



Timer 1 




Timer 2 


(8) 




(8) 



Timer 3 

(8) 



Ik 



Timer 4 

(8) 



Timer X 
latch High (8) 


Timer X 
latch Low (8) 


Timer X 
High (8) 


Timer X 
Low (8) 



Iz 



Instruction 
register (8) 



Iz 



Instruction 
decoder 



Control signal 



7y 



Pulse width 
modulator(14) 



IZ 



P5(8) 



External 
trigger 
output 



VPLS YPLS 
generator 



CNTRo 
CNTR n 

INT 0 A 



Iz 



D-A 
converter 
(8)2ch(5)2ch 



P6(8) 



7^ 7\ 



A-D 
converter (8 



P4(8) 



I/O port P5 



Vref v y ' v v 

Reference I/O port P6 I/O port P4 

voltage input 



7\ 



TV 



IZ 



S 1/0(16) 



P3(8) 



7\ 



K7 



P2(8) 



IZ 



P1(8) 



±z 



P0(8) 



I/O port P3 



I/O port P2 



I/O port P1 



v v ' 

I/O port PO 



z 
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o 
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FUNCTIONS OF M37424M8-XXXSP 



Parameter 


Functions 


Number of basic instructions 


70 (68 MELPS 740 basic instructions+2) 


Instruction execution time 


1^s (minimum instructions, at 4MHz frequency) 


Clock frequency 


4MHz 


Memory size 


ROM 


16384 bytes 


RAM 


256 bytes 


Input/Output ports 


P0,P1,P2,P3,P4 1 P5,P6 | I/O 


8-bitX7 


Serial I/O 


8-bit or 16-bitX1 


Timers 


8-bitX4, 16-bitX1 


A-D conversion 


8-bitXl (8 channels) 


D-A conversion 


5-bitX2, 8-bitX2 


Pulse width modulator 


14-bitX1 


Watchdog timer 


15-bitX1 


Subroutine nesting 


96 levels (max ) 


Interrupt 


16 (external 8, Internal 8) 


Clock generating circuit 


Built-in (ceramic or quartz crystal oscillator) 


Supply voltage 


5V±10% 


Power dissipation 


30mW (at 4MHz frequency) 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate 


Package 


64-pin shrink plastic molded DIP 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc, 
Vss 


Supply voltage 




Power supply inputs 5V±10% to V CCl and OV to V ss 


CNVss 


CNVss 




This is usually connected to V S s 


Vref 


Reference 
voltage input 


Input 


Reference voltage input pin for A-D and D-A converter 


RESET 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 4,us (under normal V C c 
conditions) If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time 




Clock input 


Input 


This chip has an internal clock generating circuit To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the X iN and X 0 ut P'ns If an external clock is used, the clock 
source should be connected the X| N pin and the X 0 ut pm should be left open 


XoUT 


Clock output 


Output 




Timing output 


Output 


This is the timing output pin 


P0 o ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional register allowing each I/O bit to be individually programmed as 
input or output At reset, this port is set to input mode The output structure is CMOS output 


P1 0 ~P17 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO The output structure of 
M37424M8-XXXSP is CMOS output and that of M37524M4-XXXSP is N-channel open drain output 


P2 0 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO The output structure is CMOS 
i output 


P3 0 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO When serial I/O is used, P33, 
P32, P3i, and P3o work as S RD y> CLK, S 0 ut. and S| N pins, respectively Also P3 4 works as Tout pm The out- 
put structure is N-channel open drain 


P4 0 ~P4 7 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port and has basically the same functions as port PO P4 0 ~P4 7 work as analog input 
port AN 0 ~AN 7 


P5 0 ~P5 7 


I/O port P5 


I/O 


Port P5 is an 8-bit I/O port and has basically the same functions as port PO P5 7 , P56, P55, P5 4 and P53~P5o 
are in common with the YPLS output, VPLS output, Q output, PWM output and interrupt input respectively 


P6 0 ~P6 7 


I/O port P6 


I/O 


Port P6 is an 8-bit I/O port and has basically the same functions as port PO P6 7 ~P6 4 , P6 3l P62, and P6-\, 
P6 0 are in common with the D-A output, CNTR output and interrupt input respectively 
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FUNCTIONAL DESCRIPTION 
CENTRAL PROCESSING UNIT (CPU) 

The M37424, M37524 microcomputers use the standard 
MELPS 740 instruction set. For details of instructions, refer 
to the MELPS 740 CPU core basic functions, or the MELPS 
740 Software Manual. 

Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions can be used. 
The WIT instruction can be used. 
The STP instruction are not provided. 



CPU MODE REGISTER 

The CPU mode register is allocated to address 00FB 16 . 
This register has a stack page selection bit. 



I I I I, I , I 



CPU mode register (address 00FB 16 ) 

Processor mode bit 

00 ' Single-chip mode 

01 :] 

10 : Not used 

11 • 

Stack page selection bit 

0 : In page 0 area 

1 : In page 1 area 

Watchdog timer overflow period select bit 

0 : Count 131072 times of <f> 

1 : Count 1024 times of <t> 

System clock output selection bit 

0 : Stop 

1 ' System clock output 



Fig.1 Structure of CPU mode register 
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MEMORY 

• Special Function Register (SFR) Area 

The special function register (SFR) area contains the 
registers relating to functions such as I/O ports and 
timers. 

• RAM 

RAM is used for data storage as well as a stack area. 

• ROM 

ROM is used for storing user programs as well as the in- 
terrupt vector area. 



• Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is gener- 
ated. 

• Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

• Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 













0000 1 6 








RAM 
(192 bytes)** 












. 0OBF 16 






► Zero page 




SFR area 






00FF 16 








RAM M 

(64 bytes) 


' 0100 16 
^ 013F 16 












Not used 






' C000 16 








FF00 16 








ROM < 
(16384 bytes) 








Special 
page 




FFDE 16 


Interrupt vector 
area 




► for 
subroutine 
call 




. FFFF 16 

















Fig. 2 Memory map 
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00C0 16 


Port PO 


00E0 16 






00C1 16 


Port PO directional register 








00C2 16 


Port P1 








00C3 16 


Port P1 directional register 








00C4 16 


Port P2 








00C5 16 


Port P2 directional register 








00C6 16 


Port P3 




nuoci vcu aicci 




00C7 16 


Port P3 directional register 






00C8 16 


Port P4 








00C9 16 


Port P4 directional register 








00CA 16 


Port P5 








00CB 16 


Port P5 directional register 








00CC 16 


Port P6 


00EC 16 






00CD 16 


Port P6 directional register 


00ED 16 


Interrupt polarity specification register 




00CE 16 




00EE 16 


Special function selection register 






Reserved area 


00EF 16 


Watchdog timer 




OOD0 16 




00F0 16 


Timer 1 




00D1 16 


D-A output enable register 


00F1 16 


Timer 2 




00D2 16 


D-A3 conversion register 


00F2 16 


Timer 3 




00D3 16 


D-A4 conversion register 


00F3 16 


Timer 4 




00D4 16 


Pulse width modulation register H 


00F4 16 


Timer X (low-order) 




00D5 16 


Pulse width modulation register L 


00F5 16 


Timer X (high-order) 




00D6 16 


V pulse preset value P 


00F6 16 


Timer X latch (low-order) 




00D7 16 


V pulse preset value N 


00F7 16 


Timer X latch (high-order) 




00D8 16 


V pulse control register 


00F8 16 


Timer 1, 2 mode register 




00D9 16 


A-D successive approximation register 


00F9 16 


Timer 3, 4 mode register 




00DA 16 


A-D control register 


00FA 16 


Timer X mode register 




00DB 16 


D-A1 conversion register 


O0FB 16 


CPU mode register 




00DC 16 


D-A2 conversion register 


00FC 16 


Interrupt request register 1 




00DD 16 


Serial I/O mode register 


00FD 16 


Interrupt request register 2 




00DE 16 


Serial I/O register L 


00FE 16 


Interrupt control register 1 




00DF 16 


Serial I/O register H 


00FF 16 


Interrupt control register 2 













Fig. 3 SFR (Special Function Register) memory map 
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INTERRUPTS 

Interrupts can be caused by 16 different events. Interrupts 
are vectored interrupts with prioities shown in Table 1. Re- 
set is also included in the table because its operation is 
similar to an interrupt. 

When an interrupt is accepted, the registers are pushed, 
interrupt inhibit flag I is set, and the program jumps to the 
address specified in the vector table. The interrupt request 
flag is cleared automatically. The reset and BRK instruction 
interrupt can never be inhibited. Other interrupt are dis- 
abled when the interrupt inhibit flag is set. 
All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter- 
rupt request bits are in interrupt request registers 1 and 2 
and the interrupt enable bits are in interrupt control regis- 
ters 1 and 2. Figure 5 shows the structure of the interrupt 
request registers 1 and 2, interrupt control registers 1 and 2 
and interrupt polarity specification register. 



For external interrupts (INT 0 to INT 5 , CNTR 0 , and CNTRj, 
the polarity of each pin's interrupt input can be set. Polarity 
for INT 0 to INT 5 and CNTRi is set by bits 0 to 6 of the inter- 
rupt polarity specification register (address 00ED 16 ); polar- 
ity for CNTRq is set by bit 6 of the timer X mode register 
(address 00FA 16 ) . If "0" is written to one of these bits, the 
corresponding interrupt request is falling-edge active; if "1" 
is written, the corresponding interrupt request is rising- 
edge active. IN^ can also be set to be both rising-edge 
and falling-edge active by setting bit 7 of the interrupt 
polarity specification register to "1". The meaning of the 
CNTR 0 interrupt is different if it is used with timer X in 
pulse width measurement mode 1, pulse width measure- 
ment mode 2, or pulse period measurement mode. For de- 
tails, see the section on timer X 

Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is "1", interrupt 
request bit is "1", and the interrupt inhibit flag is "0". The 
interrupt request bit can be reset with a program, but not 
set. The interrupt enable bit can be set and reset with a 
program. 

Reset is treated as a non-maskable interrupt with the high- 
est priority. Figure 4 shows interrupts control. 



Table 1. Interrupt vector address and priority 



Event 


Priority 


Vector addresses 


Remarks 


RESET 


1 


FFFF 16 , FFFE 16 


Non-maskable 


INT 0 interrupt 


2 


FFFD 16 , FFFC 16 


External interrupt (phase programmable) 


INTi interrupt 


3 


FFFB 16 , FFFA 16 


External interrupt (phase programmable) 


INT 2 interrupt 


4 


FFF9 16 , FFF8 16 


External interrupt (phase programmable) 


Timer 4 interrupt 


5 


FFF7 16 , FFF6 16 




Timer 1 interrupt 


6 


FFF5 16 , FFF4 16 




INT 3 interrupt 


7 


FFF3 16 , FFF2 16 


External interrupt (phase programmable) 


CNTRt interrupt 


8 


FFF1 16 , FFF0 16 


External interrupt (phase programmable) 


INT4 interrupt 


9 


FFEF 16 , FFEE 16 


External interrupt (phase programmable) 


Timer X interrupt 


10 


FFED 16 , FFEC 16 




CNTR 0 interrupt 


11 


FFEB 16 , FFEA 16 


External interrupt (phase programmable) 


Timer 2 interrupt 


■ 12 


FFE9 16 , FFE8 16 




Timer 3 interrupt 


13 


FFE7 16 , FFE6 16 




Serial I/O interrupt 


14 


FFE5 16 , FFE4 16 




INT5 interrupt 


15 


FFE3 16 , FFE2 16 


External interrupt (phase programmable) 


A-D conversion completion interrupt 


16 


FFE1 16 , FFE0 16 




BRK instruction interrupt 


17 


FFDF 16 , FFDE 16 


Non-maskable software interrupt 
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Interrupt request bit 






Interrupt enable bit 






Interrupt inhibit flag 1 — C 






BRK instruction ) V^lnterrupt request 

reset j 



Fig.4 Interrupt control 



TT 



I 



Interrupt polarity specification register 

(address 00ED 16 ) 
INT 0 interrupt polarity specification bit 
• INTi interrupt polarity specification bit 

■ INT 2 interrupt polarity specification bit 

■ INT3 interrupt polarity specification bit 

- INT4 interrupt polarity specification bit 

- INT5 interrupt polarity specification bit 

- CNTR, interrupt polarity specification bit 

0 '. Falling edge active 

1 : Rising edge active 

- INT, both edge active specification bit 

0 ! Falling or rising edge active 

1 : Both edge active 



0 



t 



] Interrupt request register 1 
(address 00FC 16 ) 
INT 0 interrupt request bit 
INT - ! interrupt request bit 
INT 2 interrupt request bit 
Timer 4 interrupt request bit 
Timer 1 interrupt request bit 
INT3 interrupt request bit 
CNTR1 interrupt request bit 
INT4 interrupt request bit 



0 



1 



Interrupt control register 1 

(address 00FE 16 ) 
INT 0 interrupt enable bit 
INTt interrupt enable bit 
INT 2 interrupt enable bit 
Timer 4 interrupt enable bit 
Timer 1 interrupt enable bit 
INT3 interrupt enable bit 
CNTR! interrupt enable bit 
•INT4 interrupt enable bit 



TT 



I 



Interrupt request register 2 

(address 00FD 16 ) 
Timer X interrupt request bit 
CNTR 0 interrupt request bit 
Timer 2 interrupt request bit 
Timer 3 interrupt request bit 
Serial I/O interrupt request bit 
INT 5 interrupt request bit 
A-D conversion completion interrupt request bit 



0 '. Interrupt disable 

1 '. Interrupt requested 



I I Interrupt control register 2 
|^ (address 00FF 16 ) 



Timer X interrupt enable bit 
CNTR 0 interrupt enable bit 
Timer 2 interrupt enable bit 
Timer 3 interrupt enable bit 

■ Serial I/O interrupt enable bit 

■ INT5 interrupt enable bit 

-A-D conversion completion interrupt enable bit 



0 : Interrupt disable 

1 : Interrupt enabled 



Fig. 5 Structure of registers related to interrupt 
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TIMERS 

The M37424M8-XXXSP has five timers : timer X, timer 1, 
timer 2, timer 3, and timer 4. A block diagram of these tim- 
ers is shown in Figure 9. 

Timer X is a 16-bit timer. It has an independent 16-bit timer 
latch and can be used in eight modes. The structure of the 
timer X mode register is shown in Figure 8, and the eight 
timer X modes are described below. 

(1) 16-bit timer mode [000] 

Basic mode in which timer X functions as a 16-bit reload 
timer and timer X generates an interrupt request when it 
overflows. 

The count source is selected by bit 4 of the timer X mode 
register : if this bit is "0", the count source is the oscillation 
frequency divided by 2 ; if it is "1", the count source is the 
oscillation frequency divided by 16. This bit is "0" im- 
mediately after a reset. 

The timer counts down the value which decrements by one 
from the value set in the latch. At the next count pulse after 
it reaches FFFF 16 from 0000 16) an timer X interrupt is 
generated, and at the same time the value in the timer 
latch is reloaded into the timer The value is not reloaded 
into the timer until it overflows, even if the contents of the 
timer latch are overwritten. 

When writing to the timer directly, write the upper value 
first, then the lower value. The upper value is overwritten at 
the same time that the lower value is written. When reading 
the timer, read the lower value first, then the upper value. 
At the point at which the lower value is read, the upper 
value is latched. If reading the lower value always read the 
upper value as well. There are no restrictions on which part 
of the timer latch should be written to or read first. 

(2) Event counter mode [001] 

Mode in which timer X operates in exactly the same way as 
in timer mode, except that the count source is the external 
pulse input from the CNTR 0 pin The input polarity of the 
CNTRo pin can be selected by bit 6 of the timer X mode 
register : if this bit is "0", falling edges are counted ; if it is 
"1", rising edges are counted. 

(3) Pulse width measurement mode 1 [010] 

Mode in which timer X measures the width of "H" or "L" 
period of the external pulse input from the CNTR 0 pin. 
The count source is selected by bit 4 of the timer X mode 
register : if this bit is "0", the count source is the oscillation 
frequency divided by 2 ; if it is "1", the count source is the 
oscillation frequency divided by 16. In this mode the timer 
counts up • at the same time that the measurement ends, 
the value in the timer is latched into the timer latch and a 
CNTR 0 interrupt request is generated. 
Bit 6 of the timer X mode register selects whether the "H" 
period is measured or the "L" period. If this bit is "0", the 



"L" period is measured ; if it is "1", the "H" period is mea- 
sured. 

(4) Pulse width measurement mode 2 [011] 

Mode in which timer X continuously measures the width of 
both "H" and "L" periods of the external pulse input from 
the CNTR 0 pin. 

The count source is selected by bit 4 of the timer X mode 
register : if this bit is "0", the count source is the oscillation 
frequency divided by 2 ; if it is "1", the count source is the 
oscillation frequency divided by 16. The value in the timer 
is latched at both the rising edges and falling edges of the 
external pulse, and a CNTR 0 interrupt request is generated. 
Whether the measured value is the "H" period or the "L" 
period can be determined by checking the level of the P6 2 / 
CNTR 0 pin. This mode can be used to measure the duty 
cycle of external pulses. 

(5) Pulse period measurement mode [100] 

Mode in which timer X measures the period of the external 
pulse input from the CNTR 0 pin. 

The count source is selected by bit 4 of the timer X mode 
register : if this bit is "0", the count source is the oscillation 
frequency divided by 2 ; if it is "1", the count source is the 
oscillation frequency divided by 16. If bit 6 of the timer X 
mode register is "0", the period from one falling edge to 
the next falling edge is measured ; if it is "1", the period 
from one rising edge to the next rising edge is measured. 
The measured value is latched in the timer latch, and a 
CNTR 0 interrupt request is generated. 

(6) Pulse output mode [101] 

Mode in which an waveform of duty cycle 50% which is in- 
verted every time timer X overflows is output to the CNTR 0 
pin. 

The count source is selected by bit 4 of the timer X mode 
register : if this bit is "0", the count source is the oscillation 
frequency divided by 2 ; if it is "1", the count source is the 
oscillation frequency divided by 16. 

(7) Programmable waveform generation mode [110] 

Mode in which the contents of the output level latch allo- 
cated to bit 5 of the timer X mode register are output to the 
CNTR 0 pin every time timer X overflows. 
The count source is selected by bit 4 of the timer X mode 
register : if this bit is "0", the count source is the oscillation 
frequency divided by 2 ; if it is "1", the count source is the 
oscillation frequency divided by 16. Various different wave- 
forms can be generated by updating the values in the out- 
put level latch, the timer and the timer latch, each time tim- 
er X overflows. 
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(8) Programmable one-shot generation mode [111] 

Mode in which the active edge of an external pulse input 
from the P6 0 /INT 0 pin sets the value of the timer latch into 
timer X, and timer X starts to count. The CNTR 0 pin goes 
"H" at the same time of the active edge of the INT 0 pin in- 
put, and goes "L" when timer X overflows. 
The count source is selected by bit 4 of the timer X mode 
register : if this bit is "0", the count source is the oscillation 
frequency divided by 2 ; if it is "1", the count source is the 
oscillation frequency divided by 16. The active edge of the 
INT 0 pin is set by bit 0 of the interrupt polarity specification 
register, and is the same as the polarity of the INT 0 inter- 
rupt. 

Note that if the CNTR 0 pin is used as a pulse output pin (in 
pulse output mode, programmable waveform generation 
mode, or programmable one-shot generation mode) , bit 7 
of the timer X mode register must be "1". If this bit switches 
from "0" to "1", an "L"-level signal will be output to the 
CNTR 0 pin. However, be aware that if timer X is switched 
to another pulse output mode while this bit is "1", the level 
output in the previous mode will still be held by the CNTR 0 
pin. 



Timer 1, timer 2, timer 3, and timer 4 are all 8-bit timers 
with 8-bit timer latches. Writing to a timer latch sets the 
corresponding timer at the same time, except that, if the 
value written to the latch is n, the value actually set in the 
timer is (n-~1). The timer has a count-down operation : at 
the next count pulse after it reaches FF 16 from 00 16 , the 
value in the timer latch is reloaded into the timer. If the 
value in the timer latch is n, the divide ratio is 1/(n+1). At 
the same time, the interrupt request bit corresponding to 
that timer is set to "1". Set the count source for each timer 
by the timer 1, 2 mode register (address 00F8 16 ) or the 
timer 3, 4 mode register (address 00F9 16 ). 
If an external clock is selected as the count source for tim- 
er 2, timer counts the P63/CNTR! pin input. An inverting 
waveform every time timer 2 overflows can be output to the 
P3 4 /T 0 ut pin. by setting bit 7 of the timer 1, 2 mode regis- 
ter to "1". The structure of the timer 1, 2 mode register is 
shown in Figure 6 and the structure of the timer 3, 4 mode 
register is shown in Figure 7 

At reset, timer 3 is set to FF 16 and timer 4 is set to 07 16 . 
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Timer 1, 2 mode register 
(address 00F8 16 ) 

Timer 1 count source selection bit 

0 Oscillation frequency divided by 16 

1 : Not used 

—Timer 2 count source selection bit 

00 Oscillation frequency divided by 16 

01 : External clock 

10 '• Timer 1 overflow signal 

1 1 : External clock 
—Timer 1 count stop bit 

0 : Count 

1 : Stop 

-Timer 2 count stop bit 

0 : Count 

1 : Stop 

- P3 4 mode switch bit 

0 : P3 4 latch output 

1 : Tout output 



Fig.6 Structure of timer 1, 2 mode register 



r 



Timer 3, 4 mode register 

(address 00F9 16 ) 
Timer 3 count source selection bit 

0 : Oscillation frequency divided by 16 

1 : Not used 

-Timer 4 count source selection bit 

0 ' Timer 3 overflow signal 

1 ! Oscillation frequency divided by 16 

-Timer 3 count stop bit 

0 : Count 

1 : Stop 

-Timer 4 count stop bit 

0 : Count 

1 : Stop 



Timer X mode register 
(address 00FA 16 ) 

-Timer X mode selection bit 

000 • 16-bit timer mode 

001 '. Event counter mode 

010 '. Pulse width measurement mode 1 

011 . Pulse width measurement mode 2 

100 : Pulse period measurement mode 

101 .' Pulse output mode 

110 : Programmable waveform 

generation mode 

111 : Programmable one-shot 

generation mode 

-Timer X count stop bit 

0 : Count 

1 : Stop 

-Timer X count source selection bit 

0 Oscillation frequency divided by 2 

1 : Oscillation frequency divided by 16 

-Output level latch 

0 : "L" output 

1 : "H" output 

—Event polarity selection bit 

0 . Falling edge 

1 : Rising edge 

— P6 2 mode switch bit 

0 ' P62 latch output 

1 . CNTR 0 output mode 



Fig. 8 Structure of timer X mode register 



Fig. 7 Structure of timer 3, 4 mode register 
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T12M : Timer 1, 2 mode register (address 00F8 16 ) 
T34M : Timer 3, 4 mode register (address 00F9 16 ) 
TXM ' Timer X mode register (address 00FA 16 ) 
CM : CPU mode register (address 00FB 16 ) 



£ 



X,N CH 1/2 h 



1/8 



P63/CNTR! O 



P3 4 latch 



P3 4 /T ol 



T12M 7 



Timer 1 latch (8) 



Timer 1(8) 



T12M 3 



T12M 4 



Timer 2 latch (8) 

1 



Timer 2(8) 



T12M 5 



1/2 



| Timer 3 latch(8) | 

~^[^ H Timer"3(8) \ - 
T34M 4 



07 16 



| Timer 4 latch(8) | 
■© >h>| Timer 4(8) 



T34M 5 
Watchdog timer(15) 



— WDTL(77] ->C) — H WDTH(7)"~] 

«' ^ Q 1 /o » 



TXM 0 

P6 4 latch TXM 



I 8 ' I 8 



16-bit timer latch 



Timer X latch "H"(8) 



p6 2 /cntro O- 



TXM 6 : Polarity 
switch 



Timer X latch "L"(8) 



16 



16-bit timer 



P6o/INT ( 



0 0-£> 



Timer X"H"(8) Timer X"L"(8) 



4 Output mode switch circuit!- 



TXM 5 



ITOEG : Polarity switch 



Select gate : At reset, shaded 
side is connected 



-Timer 1 interrupt request 



-Timer 2 interrupt request 



►Timer 3 interrupt request 



► Timer 4 interrupt request 



-Reset circuit 



I 



"Timer X interrupt request 



j Event process circuit| 



■ CNTR 0 interrupt request 



TXM 0 
TXM! 
TXM 2 



Fig.9 Block diagram of timer 
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SERIAL I/O 

A block diagram of the serial I/O function is shown in Fi- 
gure 11. The serial I/O receive enabled signal pin (S RDY ), 
synchronous clock I/O pin (CLK), and data I/O pins (S 0 ut> 
S| N ) also function as the P3 3 , P3 2 , P3 1f and P3 0 of the port 
P3. 

The serial I/O mode register has an 8-bit structure. Bits 1 
and 0 select the synchronous clock : the oscillation fre- 
quency is divided by 8 if they are [00] , by 16 if they are 
[01] , by 128 if they are [10] , or by 512 if they are [11] . Bit 

2 selects an external clock. 

Bits 3 and 4 are used to select whether part of port P3 is 
used for serial I/O. If bit 3 is "1", the P3 2 is the I/O pin for 
the synchronous clock . 

The P3t is the serial data output pin and the P3 0 is the se- 
rial data input pin. If using the P3 0 as the serial data input 
pin, set the bit in the directional register corresponding to 
P3 0 to "0" to set input mode. If serial I/O is being used, bit 

3 must be set to "1". When bit 3 is "0", the P3 2 functions as 
an ordinary I/O pin. 

Bit 4 selects whether the P3 3 is used as the output pin for 
the receive enabled signal S RDY . If this bit is "1", the S RDY 
signal is output ; if it is "0", the P3 3 is an ordinary I/O pin. 
Serial I/O register H and serial I/O register L are 8-bit reg- 
isters for data transfer that can be used in both transmis- 
sion and reception. For 8-bit transfer, serial I/O register L 



II, 



Serial I/O mode register 

(address 00DD 16 ) 
Internal synchronous clock frequency selection bit 

00 : Oscillation frequency divided by 8 

01 : Oscillation frequency divided by 16 

10 Oscillation frequency divided by 128 

11 '. Oscillation frequency divided by 512 
Internal/External clock selection bit 

0 : External clock 

1 : Internal clock 

Serial I/O port selection bit 

0 : I/O port 

1 : Serial I/O port 
S RDY output selection bit 

0 : I/O port 

1 : S RDY signal output pin 
Transfer direction selection bit 

0 : LSB first 

1 : MSB first 

Data length selection bit 

0 : 8-bit 

1 : 16-bit 

Operation mode selection bit 

0 '. Normal operation mode 

1 : Not used 



Fig. 10 Structure of serial I/O mode register 



P33/S RDY 
P32/ScLK 

P3i/Sout 
P3 0 /S| N 



P3 3 latch 



P3 2 latch 



SM 3 
P3t latch 



o*-i- 

SM 3 



Data bus 



1/2 




1/4 





Counter 



Sync circuit 



I/64 
(SSMo 



Serial I/O counter(3/4) 



Serial I/O register(H/L)(8/16) 



SM : Serial I/O mode register(address 00DD 16 ) 



-Serial I/O 
interrupt request 



Fig. 11 Block diagram of serial I/O 
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(address 00DE 16 ) is used ; for 16-bit transfer, serial I/O 
register H (address 00DF 16 ) is used for the upper byte and 
serial I/O register L for the lower byte. The data length to 
be transferred can be selected either 8 bits or 16 bits by 
setting bit 6 of the serial I/O mode register. Whether data 
transfer is MSB first or LSB first can be selected by setting 
bit 5 of the serial I/O mode register. 
The operation of the serial I/O function will now be de- 
scribed. The operation differs depending on whether the 
internal clock or an external clock is selected as the syn- 
chronous clock. Use with the internal clock will be de- 
scribed first. 

If the serial I/O register L is written to, the S RDY signal is at 
"H" during the write cycle ; it then goes "L" when the write 
cycle ends to indicate reception enabled status. If the se- 
rial I/O register's transfer clock goes "L" even once, the 
Srdy signal goes "H". During the write cycle to the serial 
I/O register, "7" is set in the serial I/O counter for 8-bit 
transfer or "15" for 16-bit transfer, and the serial I/O regis- 
ter's transfer clock is forced to "H". After the write cycle 
ends, data is output to the P3i pin each time the transfer 
clock goes from "H" to "L". Data is input from the P3 0 pin 



each time the transfer clock goes from "L" to "H" and, at 
the same time, the contents of the serial I/O register are 
shifted one bit. If bit 5 of the serial I/O mode register is "0", 
the data enters from the MSB and shifts to the right , if it is 
"1", the data enters from the LSB and shifts to the left. 
When the serial I/O counter reaches "0" after counting 
either 8 or 16 transfer clocks, the transfer clock stops at 
"H" and the corresponding interrupt request bit is set. 
If an external clock is selected as the synchronous clock, it 
must be controlled externally because, although the inter- 
rupt request bit is set, the transfer clock does not stop. Use 
a clock of no more that 500kHz with a duty cycle of 50% as 
the external clock. 

The timing at which 8-bit data is transferred LSB-first is 
shown in Figure 12. If an external clock is used for the 
transfer, the external clock must be "H" when the serial I/O 
counter is initialized. Make sure that the serial I/O counter 
is initialized after the transfer clock switches. Initialize by 
writing to the serial I/O register H. 

A connection example for transferring data from one 
M37424M8-XXXSP to another is shown in Figure 13. 



Synchronous clock 

Transfer clock 

Serial I^O register 
write signal 



iJ7LrixiJiJn-njn_r 

ji 



Serial I/O output 

SquT 



Serial I/O input 

S|N 



Receivable signal 
Srdy 













X D„ $ O, X D 2 j 



















Interrupt request bit set 



Fig. 12 Serial I/O timing 
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Sending side Receiving side 



P3 3 

7 0 


Srdy 


P3 3 

7 0 


Synchronous clock _ 


0 0 0 0 1 1 X X 


0 0 0 1 1 0 X X 


Set the direction 
register for P3 3 pin in 
input mode 

P3 2 
P3i 


Set the direction 
register for P3 0 pin in 
input mode 

P3 2 
P3 0 


Serial data 





Fig. 13 Example of serial I/O connection 



PWM OUTPUT CIRCUIT 

The M37424M8-XXXSP has a PWM function with a 14-bit 
resolution, a repeat period of 8192/^s when the oscillation 
frequency X| N is 4MHz (the explanation in the rest is based 
on the assumption that X| N = 4MHz), and a minimum bit re- 
solution width of 500ns. If data is set in the lower 6 bits of 
the pulse width modulation register L (PWM-L : address 
00D5 16 ) and the pulse width modulation register H (PWM- 
H : address 00D4 16 ), and the port P5 4 function selection bit 
(bit 0 of the special function selection register) is set to 
"1", a PWM waveform is output from port P5 4 . 
The period of 8192/iS is resolved into 16,384 minimum 
pulse widths (500ns) , and the pulse width can be mod- 
ulated in 500ns units in accordance with the 14 bits of data 
written into PWM-H and PWM-L. By dividing the 8192^s 
repeat period into 64 short-area periods, pulses of approx- 
imately equal width can be output at a 128/^s period. A 
block diagram of the PWM circuit is shown in Figure 14. 
The data written to the PWM register is transferred to the 
PWM latch at the repetition of the PWM period. The signals 
output to the PWM pin correspond to the contents of this 
latch. When data of PWM-L register is read, data in this 
latch has already been read allowing the data output by the 
PWM to be confirmed. In this case, the upper 2 bits of the 
8-bit register becomes undefined. However, bit 7 of the 
PWM-L register indicated the completion of the data trans- 
fer from the PWM-L register to the PWM latch. If bit 7 is 
"0", the transfer has been completed, if bit 7 is "1", the 
transfer has not yet begun. 

The timing diagram of the 14-bit PWM is shown in Figure 
15. The 14-bit PWM divides the data within the PWM latch 
into the lower 6 bits and higher 8 bits. 
A high-level area with a length N times r is output every 
short area of t=256X r =128/iS as determined by data N 
of the higher 8 bits. (Refer to PWM output (2) in the lower 
part of Figure 15.) 



The contents of the lower 6 bits of data enable the leng- 
thening of the high signal by r . 

Thus, the time for the high-level area is equal to the time 
set by the higher 8 bits or that plus * . As a result, the 
short-area period t( = 128^s, approx. 7.8kHz) becomes an 
approximately repetitive period. 

At reset the output of port P5 4 is in the high impedance 
state and the contents of the PWM register and latch are 
undefined. Note that after setting the PWM register, its data 
is transferred to the latch. 
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Table 2. Relation between the 6 lower-order bits 

of data and the space set by the ADD bit 



6 lower-order bits of data 


Area longer by r than that of other t m (m = 0 ~63) 


oooo o L o B 


Nothing 


0 0 0 0 0 1 


m=32 


0 0 0 0 1 0 


m=16, 48 


0 0 0 1 0 0 


m=8,24, 40,56 


0 0 1 0 0 0 


m= 4, 12,20, 28, 36, 44,52, 60 


0 1 0 0 0 0 


m = 2 , 6 , 1 0, 1 4, 1 8, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62 


1 0 0 0 0 0 


m= 1 , 3, 5, 7, 57,59,61,63 



PWM-L register 
/ set to 1 \ ( address 00D5 16 ) 
\ when write 



bit7 



PWM-H register 
(address 00D4 16 )\L 



bits | 



PWM Iatch(l4-bit) 



|msb| 



f(X IN ) _ 
(4MHz) 



bitO 



14-bit PWM circuit 



PWM 



Timing 
generator 
for PWM 



I 



(8192^s period) 



(128^s period) 



Selection gate : Connected to 
black colored 
side when reset 

Pass gate 



P5 4 latch 



V I 3 54^PWM 
unction l^i 



P5 4 function 
selection bit 



P5 4 function 
selection bit 



P5 4 direction 
register 



Fig.1 4 Block diagram of PWM circuit 
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Data in address 00D4 16 is # 6A 16 



Data in address 00D4 16 is # 7B 16 



PWM-H 
register 



59 16 



6A ie 



7B 16 





\/ 24 16 \y 


i35i 6 




Register to latch transfer B5 16 


Register to latch transfer 


pwm latcn ^ 


1AA4 16 | 1AA4 16 


^ 1EF5 16 | 




^ — When bit 7 of PWM-L is "0" register 
. T=8192a<s J to latch transfer will not occur 
(64X128/2S) 
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PWM output 



6B 6A 6B 6A 6B 6A 6B 6A 6B 



lower 6 bits output 
(When H : 6A 16 , 
L : 24 16 ) 
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6B 16 24 times 
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8 bit counter 
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' ' 7 



High/low-level of the ADD 
section is determined by 
the data contained in the 
lower 6 bit 



r =0 5^s 



' t=128//s ^ 
(256X0.5^s) 



ADD 



FF i FEiFDiFCi 



i 97 1 96 i 95 i 



i 02 i 01 i 00 



High-level area output, the length 
of which is specified PWM-H 



256 ^ (128/is) standard 
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Fig. 15 14-bit PWM timing diagram 
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A-D CONVERTER 

An 8-bit successive approximation method of A-D conver- 
sion is employed providing a precision of ±3LSB. A block 
diagram of the A-D converter is shown in Figure 16. Con- 
version is automatic once it is started with the program. 
The analog inputs are used in common with port P4. Bits 2, 
1 and 0 of the A-D control register (address 00DA 16 ) are 
used to select which pins are used for A-D conversion. The 
input condition is accomplished by setting to "0" the bit in 
the directional register that corresponds to the pin where 
A-D conversion is to take place. Bit 3 of the A-D control 
register is the A-D conversion end bit. During A-D conver- 
sion, this bit is "0", and upon completion becomes "1". 
Thus, it can be ascertained whether A-D conversion has 
been completed or not by inspecting this bit. The relation 
between the contents of the A-D control register and the 
selection of input pins are shown in Figure 17. 
The results of the conversion can be found be reading the 
contents of the successive approximation register address 
00D9 16 which stores the results of the conversion. 
The procedure for executing A-D conversion is next ex- 
plained. Firstly, the pin that is to be used for the A-D con- 
version is selected by setting bit 2, bit 1 and bit 0 of the A- 
D control register. 



Next, clear the A-D conversion end bit to "0". 
When the above is done, A-D conversion is started. A-D 
conversion completes after 49 clock cycles upon which the 
A-D conversion end bit is set to "1" and the results of the 
conversion can be found in the successive approximation 
register. Since the comparator consists of the capacitive 
coupled configuration, f (X, N ) is needed larger than 1MHz 
during A-D conversion. 



A-D control register 
(Address 00DA 16 ) 

- Analog input pin selection bit 

000 : P4 0 /AN 0 

001 : P4 1 /AN 1 

010 : P4 2 /AN 2 

011 : P4 3 /AN 3 

100 : P4 4 /AN 4 

101 : P4 5 /AN 5 

110 : P4 6 /AN 6 

111 : P4 7 /AN 7 

-A-D conversion end bit 

0 : Under conversion 

1 : End conversion 



Fig. 17 Structure of A-D control register 
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Comparator and 
control circuit 
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12: 



Data bus 



A-D 

control register 
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Fig. 16 Block diagram of A-D converter 
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D-A CONVERTER 

The M37424M8-XXXSP has two 8-bit resolution, R-2R method 
D-A converters and two 5-bit resolution D-A converters. A 
block diagram of the D-A converters is shown in Figure 19. 
If a value is written into one of the D-A conversion registers 
corresponding to these D-A converters, an analog voltage 
equivalent to that digital value is generated by the ladder 
resistors. If the corresponding D-A output enable bit (bit 0 
to bit 3 of the D-A output enable register) is set to "1", that 
value is output to the corresponding output pin P64/DA! to 
P67/DA4. In this case, the directional register of that pin 
must be set to "0" to set input mode. 
The relationship between analog voltage and digital value 
is as follows : 

V=V REF Xn/256(n=0 to 255) : D^ and DA 2 
V=V REF Xn/32(n=0 to 31 ) : DA 3 and DA 4 

Where V is the output, voltage, V REF is the reference vol- 
tage, and n is the value in the D-A conversion register. 



At reset, the P64/DA! to P6 7 /DA 4 pins go to high impe- 
dance. D-A output does not have a built-in buffer, so if con- 
necting a low-impedance load, connect an external buffer 
as well. 

The structure of the D-A output enable register is shown in 
Figure. 18. 



D-A output enable register 

(address 00D1 16 ) 
D-A1 output enable bit 

0 : D-A1 output off 

1 : D-A1 output on 
D-A2 output enable bit 

0 : D-A2 output off 

1 : D-A2 output on 
D-A3 output enable bit 

0 : D-A3 output off 

1 '. D-A3 output on 
D-A4 output enable bit 

0 : D-A4 output off 

1 : D-A4 output on 



Fig. 18 D-A output enable register 
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V 



D-A1 conversion register(8) 

\ 



R-2R ladder resistor 



P6 4 /DA 1 



1 



D-A2 conversion register(8) 



"o O P6 5 /DA 2 



A 
V 



R-2R ladder resistor 



A 



D-A3 conversion register(5) 



P6 6 /DA 3 



R-2R ladder resistor 



D-A4 conversion register(5) 



P67/DA4 



R-2R ladder resistor 



Fig. 19 Block diagram of D-A converter 
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EXTERNAL TRIGGER OUTPUT 

Port P5 5 operates as the pin Q which outputs the external 
trigger signal. Port P6, operates as the pin T which inputs 
the trigger clock. By setting bit 1 of the special function 
selection register (address 00EE 16 ) to "1", the P^/T/INT^ 
pin functions a trigger input pin and P6^, P5 5 can be used 
as the external trigger function pins. 
In external trigger mode, the value set by the external trig- 
ger output data bit is output to port P5 5 each time the ac- 
tive edge specified by bits 1 and 7 of the interrupt polarity 
specification register. Combinations of bits 3 and 4 of the 
special function selection register set port P5 5 to output 
mode as shown in Table 3. If using external trigger output, 
set the P5 5 directional bit to "0". At reset, this bit is cleared 
to "0". 



Table 3. External trigger output 



External trigger 






output data bit 


0 




External trigger outpi«\^^ 




1 


direction specify bit 






0 


High-impedance 


High-impedance 


1 


L 


H 



Special function selection register 
(address 00EE 16 ) 

-Port P5 4 function selection bit 

0 : I/O port 

1 : PWM output 

- Port P5 5 function selection bit 

0 : I/O port 

1 : External trigger output 

- External trigger output data bit 

0 : "L" output 

1 '. "H" output 

-External trigger output direction specify bit 

0 High-impedance 

1 : Output transistor on 



Fig. 20 Structure of special function selection register 



P5 5 latch 



PS^T/INT, 

o— 



IT1D IT1P 



Edge detection 
circuit 



-Q P5 5 /Q 



P5 5 direction specify bit 



Special function selection register(address 00EE 16 ) 



Data bus 



SF : Special function selection register( address 00EE 16 ) 
IT : Interrupt polarity specification register( address 00ED 16 ) 



Fig. 21 Block diagram of external trigger output 
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V PULSE AND Y PULSE GENERATOR 

Port P5 6 operates as the VPLS pin to output the V pulse 
and port P6^ operates as the T pin to input the trigger 
clock. P5 6 can be used as the V pulse output by setting bit 
5 of the V pulse control register (00D8 16 ) to "1". Port P5 7 
operates as the YPLS pin which outputs the Y pulse. It can 
be used as the Y pulse (VPF signal) output by setting bit 6 
of the V pulse control register to "1". Effective edge of trig- 
ger input can be selected by setting bits 2 and 3 of V pulse 
control register. Figure 22 shows the block diagram of the 

V pulse, Y pulse generator. Figure 23 shows the timing dia- 
gram of the V pulse and Y pulse. 

At the falling or rising edge of T, the VPP counter starts. By 
the overflow signal of the VPP counter, VPLS goes "H". By 
the overflow signal of VPP counter, the VPN counter starts. 
By the overflow signal of the VPN counter, VPLS goes "L". 
When the VPP counter or the VPN counter is counting, bit 4 
of the V pulse control register is "1". 
The preset value of the VPP conter can be set by the 9-bit 
register with bit 1 of the V pulse control register being the 
most significant bit and the V pulse preset value P 
(00D6 16 ) being the low-order eight bits. The preset value 



of the VPN counter can be set by the 9-bit register with bit 
0 of the V pulse control register being the most significant 
bit and the V pulse preset value N (00D7 16 ) being the low- 
order eight bits. 

Note that values of bits 0 and 1 of the V pulse control regis- 
ter are the current counting values in the VPP counter and 
the VPN counter, not the preset values of the counters. 



L 



lv pulse control register 
J (address 00D8 16 ) 
VPN8 : VPLS negative edge 

preset value 
VPP8 : VPLS positive edge 

preset value 
VLE : T input rising edge selection bit 

0 Rising edge invalid 

1 : Rising edge valid 

VTE .' T input falling edge selection bit 

0 : Falling edge invalid 

1 .' Falling edge valid 
VPF : VPF generation flag 

0 .' VPP/VPN counter stop 

1 : VPP/VPN counter counting 
VPM : Port P5 6 function selection bit 

0 ! I/O port 

1 : VPLS output 

•YPM : Port P5 7 function selection bit 

0 : I/O port 

1 : YPLS output 



Fig. 22 Structure of V pulse control register 
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Fig. 23 Block diagram of V pulse and Y pulse generator 
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VPN register-TN3 
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Fig.24 Timing diagram of the V pulse and Y pulse 
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WATCHDOG TIMER 

The watchdog timer provides a method of returning to reset 
status if a runaway or other cause prevents a program from 
running a loop normally. 

The watchdog timer is a 15-bit counter consisting of a low- 
er seven bits and an upper eight bits (address 00EF 16 ). At 
reset or after the watchdog timer is written to, 7FFF 16 is set 
in this timer and it starts to count. 

When the MSB reaches "0", an internal reset is generated. 
Therefore programs should normally be written to ensure 
that the watchdog timer is written to before this bit reaches 



"0". If address 00EF 16 is read, the value in the upper eight 
bits of the counter is read. Directly after a reset, the watch- 
dog timer is stopped. After reset is released, the first write 
to address 00EF 16 validates the watchdog timer function. 
The count source of the lower seven bits is a signal that is 
the system clock 0 divided by eight. The count source of 
the upper eight bits can be selected as either the overflow 
signal from the 7-bit counter or a signal that is the system 
clock <f> divided by eight, depending on the value of bit 3 of 
the CPU mode register (address 00FB 16 ). 



System clock <f> 



Data bus 



1/8 



WDTL(7) -*^) >" 



WDTH(8) 



CM 3 

Watchdog timer(15) 



WDT overflow signal 



CPU 



Internal reset signal 



Reset circuit 



Fig. 25 Block diagram of runaway detection function 



f(x 1N ) 



r 



Internal reset signal 



«2//sec(f(X IN )=4MHz) 



r 



WDT overflow 



Fig. 26 Timing diagram of internal reset signal 
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I/O PORTS 

(1) PortPO 

Port PO is an 8-bit I/O port with CMOS output. 
As shown in the memory map (Figure 1), port PO can 
be accessed at zero page memory address 00C0 16 . 
Port PO has a directional register (address 00C1 16 ) 
which can be used to program each individual bit as 
input ("0") or as output ("1"). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 

(2) PortPI 

Port P1 has the same function as Port PO. The output 
structure of M37424M8-XXXSP is CMOS output. The 
output structure of M37524M4-XXXSP is N-channel 
open drain output. 

(3) PortP2 

Port P2 has the same function as Port PO. 

(4) PortP3 

Port P3 has the same function as port PO, but it has N- 
channel open drain output. Port P3 can also be used as 
serial I/O and timer output pins. 

(5) Port P4 

Port P4 has the same functipn as port PO. P4 7 through 
P4 0 can also be used as analog input pins AN 7 through 
AN 0 . 



(6) Port P5 

Port P5 has the same function as port PO. Port P5 can 
also be used as INT 2 ~INT 5 , PWM output, external trig- 
ger output Q and V pulse, Y pulse output pins. 

(7) PortP6 

Port P6 has the same function as port PO. Port P6 can 
also be used as INT 0 , INT^ trigger clock input T, timer 
I/O and D-A output pins. 
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Fig.27 Block diagram of ports PO— P6(1) 
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-O Port P3 0 
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Fig.28 Block diagram of ports P0~ P6(2) 
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Port P4 



Port P5 0 ~P5 3 



Data bus- 



Port P5 4) P5 6> P5 7 



Data bus- 



Port P5 5 



Directional register [ - 

< 



Data 



register | - 



Analog input 



ADM 0 ~ADM 2 



CMOS tn-state output 
-O Port P4 



- | Directional register | - 



- | Data register 



<1 




CMOS tn-state output 
[3 T O Port P5 0 ~P5 3 



- | Directional register | - 



INT 2 ~INT 5 



SF 0 
VPM 5 

VPM 6 f^^- 



- | Data register \ 



<3= : 



PWM output 

V pulse output 

Y pulse output 



7^ 



h* 1 



CMOS tn-state output 
-O Port P5 4 , P5 6 , P5 7 



SF 3 - 



- | Directional register } — 

<H 




Data register 



External trigger output 



CMOS tn-state output 
-O Port P5 5 



Fig. 29 Block diagram of ports P0~P6(3) 
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Port P6 0 , P61, P6 3 



Port P6 2 



Port P6 4 ~P6 7 



- | Directional register 



- | Data register 



j=Dnd 



INTo, INT- 
CNTR 



INTl ^ \ 
! input ^ ^Mf' 



- \ Directional register \ - 



- | Data register \ 



CNTR 0 output 



CNTRq input 



Directional register 



Data register 



-<B 



Analog output- 



rx 



4^ 



CMOS tn-state output 
-O Port P6 0 , P61, P6 3 



CMOS tn-state output 
-O Port P6 2 



CMOS tn-state output 
-O Port P6 4 ~P6 7 



DAON 0 ~DAON 3 



Fig.30 Block diagram of ports P0~P6(4) 
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RESET CIRCUIT 

The M37424M8-XXXSP is reset according to the sequence 
shown in Figure 31 . It starts the program from the address 
formed by using the content of address FFFF 16 as the high 
order address and the content of the address FFFE 16 as the 
low order address, when the RESET pin is held at "L" level 
for more than 2/us while the power voltage is in the recom- 
mended operating condition and the crystal oscillator 
oscillation is stable and then returned to "H" level. The in- 
ternal initializations following reset are shown in Figure 33. 
An example of the reset circuit is shown in Figure 32. 
When the power on reset is used, the RESET pin must be 
held "L" until the oscillation of X, n -Xout becomes stable. 



M37424M8-XXXSP 
V cc 



RESET 



28 




M37424M8-XXXSP 



RESET 



, power on 



-4. 5V 



-0. 6V 




Supply voltage 
detection circuit 



Fig. 32 Example of reset circuit 



f(x lN ) J~[_ _ 



RESET 
SYNC 
Address 
Data 



_rLUULr 




8 — 1 2 clock cycles 



Reset address from the 
vector table 



Note 1 : Frequency relation of f(X, N )and <f> is f(X, N ) = 2 • <j> 

2 : The mark " ? " means that the address is changeable 
depending on the previous state 



Fig.31 Timing diagram at reset 
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(1 ) Port PO directional register 

(2) Port P1 directional register 

(3) Port P2 directional register 

(4) Port P3 directional register 

(5) Port P4 directional register 

(6) Port P5 directional register 

(7) Port P6 directional register 

(8) D-A output enable register 

(9) D-A3 conversion register 

(10) D-A4 conversion register 

(11) V pulse control register 

(12) A-D control register 

(13) D-A1 conversion register 

(14) D-A2 conversion register 

(15) Serial I/O mode register 

(16) Interrupt polarity specification register 

(17) Special function selection register 

(18) Watchdog timer 

(19) Timer 3 

(20) Timer 4 

(21) Timer 1, 2 mode register 

(22) Timer 3, 4 mode register 

(23) Timer X mode register 

(24) CPU mode register 

(25) Interrupt request register 1 

(26) Interrupt request register 2 

(27) Interrupt control register 1 

(28) Interrupt control register 2 

(29) Processor status register 

(30) Program counter 



address 
(C1 16 
(C3 16 ; 
(C5 16 : 
(C7 16 
(C9 16 

ccb 16 ; 
(cd 16 ; 
(di 16 : 

(D2„ 

(D3, f 

(D8 t 

(DA, 

(DB t 

(DC, 

(DD, 

(ED, 

(EE, 

(EF, 

(F2, 

(F3, e : 

(F8, 6 : 

(F 9, 6 : 
(fa 16 ; 

(FB 16 
(FC 16 
(FDie 
(FE 16 
(FF 16 
(PS) 
(PC 

(pc L : 



00 16 



00 16 



00 16 



00,6 



00, 6 



00, 6 



0 0 0 0 



00 16 



00, 6 



00 16 



00,6 



7FFF„ 



07 16 



0 0 0 



00,6 



00 16 



00, ( 



0 0 0 



Contents of address FFFF, e 



Contents of address FFFE, 6 



Fig. 33 Internal state of microcomputer at reset 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 36. 
When the WIT instruction is executed, the internal clock <f> 
stops in the "H" level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. To return from the wait status, the inter- 
rupt enable bit must be set to "1" before executing WIT in- 
struction. 

Since the M37424M8-XXXSP does not have STP instruc- 
tion, the oscillation can not be stopped. 
The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 34. 
The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock usage is shown in Figure 35. 
X, N is the input, and Xqut is open. 




Fig.34 External ceramic resonator circuit 



M37424M8-XXXSP 


X 


N XoUT 


29 ; 


* 30 




Open 



External oscillating circuit 



Fig. 35 External clock input circuit 




Interrupt 



disable flag I 



Reset - 



WIT instruction - 





1/2 



Internal clocks 



o o 

Xin Xqut 



Fig.36 Block diagram of the clock generating circuit 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer is 1/(n+1 ). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(4) A NOP instruction must be used after the execution of 
a PLP instruction. 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1 ) mask ROM confirmation form 

(2) mark specification form 

(3) ROM data EPROM 3sets 
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M37424M8-XXXSP 

ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V C c 


Supply voltage 


With respect to V S s 

Output transistors are at "OFF" state 


—0. 3 — 7 


V 


Vss 


Supply voltage 


0 


V 


Vref 


Reference voltage 


-0. 3~V cc +0. 3 


V 


v, 


Input voltage X, N , RESET, P3 0 ~P3 7 , CNV SS 


-0. 3— 7 


V 


v, 


Input voltage P0 0 ~P0 7 , P1 0 ~P17, P2 0 ~P2 7 , 
P4 0 ~P4 7> P5 0 ~P5 7 , P6 0 ~P6 7 


-0. 3~Vcc+0. 3 


V 


Vo 


Output voltage P3 0 ~P3 7 


0. 3—7 


V 


Vo 


Output voltage P0 0 ~P0 7) P1 0 ~P17, P2 0 ~P2 7 , 
P4 0 ~P4 7 , P5 0 ~P5 7 , P6 0 ~P6 7 , 
Xout. <t> 


-0. 3~Vcc+0. 3 


V 


Pd 


Power dissipation 


T a =25°C 


1000 


mW 


Topr 


Operating temperature 




-10-70 


°C 


Tst 9 


Storage temperature 




-40—125 


°C 



RECOMMENDED OPERATING CONDITIONS (V C c=5V±10% ( Ta=-10~70 o C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


Vss 


Supply voltage 




0 




V 


V, H 


"H" input voltage P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7l 
P3 0 ~P3 7 , P4 0 ~P4 7 , P5 0 ~P5 7 , 
P6 0 ~P6 7 , INT 0 ~INT 5 , CNTR 0> 
CNTRl T, RESET, X, N 


0. 8V CC 




Vcc 


V 


V,L 


"L" input voltage P0 0 ~P0 7 , P1 0 ~P17- P2 0 ~P2 7 , 
P3 0 ~P3 7 , P4 0 ~P4 7 , P5 0 ~P5 7 , 
P6 0 ~P6 7 , INT 0 ~INT 5 , 
CNTRo, CNTRl T 


0 




0. 2V CC 


V 


V IL 


"L" input voltage RESET 


0 




0.12V CC 


V 


V, L 


"L" input voltage X| N 


0 




0.16V CC 


V 


'oH(peak) 


"H" peak output current P0 0 ~P0 7 , P1 0 ~P1 7 , 
P2 0 ~P2 7 , P4 0 ~P4 7 , 
P5 0 ~P5 7 , P6 0 ~P6 7 (Note 1 ) 






-10 


mA 


'oH(avg) 


"H" average output current POo~P0 7 , P1o~P1 7 , 
P2 0 ~P2 7 , P4 0 ~P4 7 , 
P5 0 ~P5 7> P6 0 ~P6 7 (Note1) 






-5 


mA 


'oL(peak) 


"L" peak output current P0 0 ~P0 7 , P1 0 ~P1 7 , 
P2 0 ~P2 7 , P3 0 ~P3 7 , 
P4 0 ~P4 7 , P5 0 ~P5 7 , 
P6 0 ~P6 7 (Note2) 






10 


mA 


'oL(avg) 


"L" average output current POo~P0 7 , P1 0 ~P1 7 , 
P2 0 ~P2 7 , P3 0 ~P3 7 , 
P4 0 ~P4 7l P5 0 ~P5 7 , 
P6 0 ~P6 7 (Note 2) 






5 


mA 


f(x 1N ) 


Clock oscillating frequency 






4 


MHz 



Note 1. The' total of "H" peak output current of port P0, P1, P2, P4, P5 and P6 is less than 65mA 
2. The total of "L" peak output current of port P0, P1, P2, P3, P4, P5 and P6 is less than 65mA 
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ELECTRICAL CHARACTERISTICS (V CC =5V, V ss =0V, T a =25°C, f(X, N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vqh 


"H" output voltage P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7l 
P4o~P4 7l P5o~P5 7> P6 0 ~P6 7 


l OH =-10mA 


3 






V 


V OH 


"H" output voltage <j> 


l 0 H=-2.5mA 


3 






V 


Vol 


"L" output voltage P3o~P3 7 


loL == 10rnA 






2 


V 


Vol 


"L" output voltage P0 0 ~P0 7> P1 0 ~P1 7 , P2 0 ~P2 7 , 
P4 0 ~P4 7 , P5 0 ~P5 7 , P6 0 ~P6 7 


l O L=10mA 






2 


V 


Vol 


"L" output voltage <f> 


Iol=2. 5mA 






2 


V 


V+— V- 


Hysteresis X| N 




0. 1 




0.5 


V 


V+— V- 


Hysteresis RESET 






0.5 


0.7 


V 


V+— V- 


Hysteresis INT 0 ~INT 5 , CNTR 0 , CNTR^ T 


Use as INT 0 ~INT 5l CNTR 0 , CNTR^ T input 


0.3 




1.0 


V 


I.H 


"H" input current RESET, X, N 


V, H =5V 






5 


juA 


I.H 


"H" input current P0 0 ~P0 7( P1 0 ~P1 7 , P2 0 ~P2 7 , 
P4 0 ~P4 7 , P5 0 ~P5 7l P6 0 ~P6 7 


V,h=5V 






5 


uA 


llH 


"H" input current P3 0 ~P3 7 


V| H =5V 






5 


uA 


I.L 


"L" input current RESET, X| N 


V| L =0V 


-5 






M A 


I.L 


"L" input current P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7 , 
P4 0 ~P4 7 , P5 0 ~P5 7> P6 0 ~P6 7 


V,L=0V 


-5 






UA 


I.L 


"L" input current P3 0 ~P3 7 


V| L =0V 


-5 






juA 


'cc 


Supply current 


f (X )N ) = 4MHz, output pins opened, input 
pins at V S s or V C c> and A-D converter in the 
finished condition 




6 


12 „ 


mA 



A-D CONVERTER CHARACTERISTICS (V CC =5V, V ss =0V, T a =25°C, f(X 1N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 




Resolution 


Vref == Vcc 






8 


bits 




Absolute accuracy 


Vref=V C c 






±3 


LSB 


Rladder 


Ladder resistor 


Vref— Vcc 


20 






kO 


*conv 


Conversion time 








25 


us 


Vref 


Reference voltage 




4 




Vcc 


V 


v, A 


Analog input voltage 




0 




Vref 


V 


D-A CONVERTER 1, 2 CHARACTERISTICS (V C c=5V > Vs S =0V,T a =25 o C,f(X IN )=4MHz, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 




Resolution 


Vref == Vcc 






8 


bits 




Absolute accuracy 


Vref— Vcc 






±2 


% 


Ro 


Ladder resistor 


Vref = Vcc 






4 


kO 




Setup time 


Vref^Vcc 






3 


us 


Vref 


Reference voltage 




4 




Vcc 


V 


D-A CONVERTER 3, 4 CHARACTERISTICS (V C c=5V,Vss=0V,Ta=25 o C,f(X IN )=4MHz, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 




Resolution 


Vref=V cc 






5 


bits 




Absolute accuracy 


Vref = Vcc 






±2 


% 


Ro 


Ladder resistor 


Vref = Vcc 






4 


kn 


*su 


Setup time 


Vref^Vcc 






3 


^s 


Vref 


Reference voltage 




4 




Vcc 


V 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V cc 


Supply voltage 


With respect to V S s 

Output transistors are at "OFF" state 


—0. 3~ 7 


V 


V ss 


Supply voltage 


0 


V 


V REF 


Reference voltage 


-0. 3~V cc +0. 3 


V 


v, 


Input voltage X lN> RESET, CNV SS 


—0. 3~ 7 


V 


V, 


Input voltage P1 0 ~P17, P3 0 ~P3 7 


-0. 3-13 


V 


V, 


Input voltage P0 0 ~P0 7 , P2 0 ~P2 7 , P4 0 ~P4 7 , 
P5 0 ~P5 7l P6 0 ~P6 7 


-0. 3~Vcc+0. 3 


V 


Vo 


Output voltage P1 0 ~P17, P3 0 ~P3 7 


-0. 3—13 


V 


Vo 


Output voltage P0 0 ~P0 7 , P2 0 ~P2 7 , P4 0 ~P4 7 , 
P5 0 ~P5 7 , P6 0 ~P6 7 , Xout, i> 


-0. 3— Vcc+0. 3 


V 


Pd 


Power dissipation 


T a =25°C 


1000 


mW 


Topr 


Operating temperature 




-10—70 


°C 


Tstg 


Storage temperature 




-40—125 


°C 



RECOMMENDED OPERATING CONDITIONS (V cc =5V±10%,T a =-10~70C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


Vss 


Supply voltage 




0 




V t 


V, H 


"H" input voltage P0 0 ~P0 7 , P1 0 ~P17, P2 0 ~P2 7 , 
P3 0 ~P3 7 , P4 0 ~P4 7> P5 0 ~P5 7 , 
P6 0 ~P6 7 , INT 0 ~INT 5 , CNTR 0 , 
CNTRl T, RESET, X, n 


0. 8V CC 




Vcc 


V 


V, L 


"L" input voltage POo~"P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7 , 
P3 0 ~P3 7 , P4o~P4 7 , P5 0 ~P5 7 , 
P6 0 ~P6 7 , INT 0 ~INT 5l 
CNTR 0l CNTRi, T 


0 




0. 2V CC 


, V 


V, u 


"L" input voltage RESET 


0 




0.12V CC 


V 


V,L 


"L" input voltage Xin 


0 




0.1 6 V cc 


V 


'oH(peak) 


"H" peak output current P0 0 ~P0 7 , P2 0 ~P2 7 , 
P4 0 ~P4 7 , P5 0 ~P5 7 , 
P6 0 ~P6 7 (Note 1) 






-10 


mA 


'oH(avg) 


"H" average output current P0 0 ~P0 7 , P2 0 ~P2 7 , 
P4 0 ~P4 7 , P5 0 ~P5 7 , 
P6 0 ~P6 7 (Note 1) 






—5 


mA 


loL(peak) 


"L" peak output current POo^PO?, P1 0 ~P1 7 , 
P2 0 ~P2 7 , P3 0 ~P3 7 , 
P4 0 ~P4 7 , P5 0 ~P5 7 , 
P6 0 ~P6 7 (Note 2) 






10 


mA 


loL(avg) 


"L" average output current P0 0 ~P0 7 , P1 0 ~P17. 

P2 0 ~P2 7 , P3 0 ~P3 7) 
P4 0 ~P4 7 , P5 0 ~P5 7 , 
P6 0 ~P6 7 (Note 2) 






5 


mA 


f(x IN ) 


Clock oscillating frequency 






4 


MHz 



Note 1. The total of "H" peak output current of port P0, P2, P4, P5 and P6 is less than 65mA. 

2. The total of "L" peak output current of port P0, P1, P2, P3, P4, P5 and P6 is less than 65mA 
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ELECTRICAL CHARACTERISTICS (V CC =5V, V ss =0V, T a =25°C, f(X IN )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vqh 


"H" output voltage P0 0 ~P0 7l P2 0 ~P2 7 , P4 0 ~P4 7> 

nr _ , nr nc _ , D£5 

r'0o~r07, r0o~r07 


I 0 h= — 10mA 


3 






V 


VoH 


"H" output voltage <f> 


\ 0H ——2. 5mA 


3 






V 


Vol 


L OUtpUl VOItage rlo ~rl7, rOo~r07 


loL = 10mA 






2 


V 


Vol 


"L" output voltage P0 0 ~P0 7 , P2 0 ~P2 7 , P4 0 ~P4 7 , 

DC DC DC ne 


l OL =10mA 






2 


V 


Vol 


"L" output voltage </> 


Iol = 2. 5mA 






2 


V 


v+— V_ 


Hysteresis X| N 




0. 1 




0.5 


V 


v+— V_ 


Hysteresis RESET 






0.5 


0.7 


V 


v+— V_ 


Hysteresis INT 0 ~INT 5 , CNTR 0 , CNTR,, T 


Use as INT 0 ~INT 5 , CNTR 0 , CNTRi, T input 


0.3 




1.0 


V 


l,H 


"H" input current RESET, X, N 


V,h=5V 






5 


U A 


l|H 


"H" input current P0 0 ~P0 7 , P2 0 ~P2 7 , P4 0 ~P4 7 , 
P5 0 ~P5 7> P6 0 ~P6 7 


V| H =5V 






5 


juA 


llH 


"H" input current P1 0 ~P17, P3 0 ~P3 7 


V| H =12V 






12 


U A 


IlL 


"L" input current RESET, X| N 


V| L =0V 


-5 






U A 


I.L 


"L" input current P0 0 ~P0 7 , P2 0 ~P2 7 , P4 0 ~P4 7 , 
P5 0 ~P5 7 , P6 0 ~P6 7 


V| L =0V 


-5 






U A 


I.L 


"L" input current P1 0 ~P17. P3 0 ~P3 7 


V| L =0V 


-5 






U A 


'cc 


Supply current 


f(X| N )=4MHz, output pins opened, input 
pins at Vss or V C c. and A-D converter in the 
finished condition 




6 


12 


mA 



A-D CONVERTER CHARACTERISTICS ( Vcc — 5V, V ss — 0V, Tq— 25 C, f(XiN)— 4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 




Resolution 


V REF = Vqc 






8 


bits 




Absolute accuracy 


Vref=V C c 






±3 


LSB 


Rladder 


Ladder resistor 


Vref = Vcc 


20 






kO 


tcONV 


Conversion time 








25 


us 


V REF 


Reference voltage 




4 




Vcc 


V 


V,A 


Analog input voltage 




0 




Vref 


V 


D-A CONVERTER 1 , 2 CHARACTERISTICS (V CC =5V, V ss =0V, T a =25°C, f(X IN )=4MHz, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 




Resolution 


Vref =v cc 






8 


bits 




Absolute accuracy 


Vref=V C c 






±2 


% 


Ro 


Ladder resistor 


Vref = Vcc 






4 


kn 




Setup time 


Vref— V C c 






3 


us 


V REF 


Reference voltage 




4 




Vcc 


V 


D-A CONVERTER 3, 4 CHARACTERISTICS (V CC =5V, V ss =0V, T a =25 0 C,f(X (N )=4MHz, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 




Resolution 


Vref == V C c 






5 


bits 




Absolute accuracy 


Vref =: Vcc 






±2 


% 


Ro 


Ladder resistor 


Vref = V C c 






4 


ka 


*su 


Setup time 


Vref = Vcc 






3 


us 


Vref 


Reference voltage 




4 




Vcc 


V 
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DESCRIPTION 

The M37428M4-XXXFP is a single-chip microcomputer de- 
signed with high-speed CMOS silicon gate technology. It is 
housed in an 80-pin shrink plastic molded quad flat 
package. 

This microcontroller's internal architecture and instruction 
set makes it ideal for business and office automation equip- 
ment. In addition to its simple instruction set, the ROM, 
RAM and I/O addresses are placed on the same memory 
map to enable easy programming. 

This microcontroller is also suitable for applications which 
require control of LCD panels. 



FEATURES 



•69 



8K bytes 

384 bytes 

1/iS 

5V±10% 

•2.8V^V cc ^5.5V(Typ.) 



Number of basic instructions 

Memory size 

ROM 

RAM 

Instruction execution time 

(shortest instruction at 8MHz)- 
Single power supply 

f(X IN )=8MHz 

f(X, N )=32kHz 

Power dissipation 

normal operation mode (at 8MHz) 
30mW (V CC =5V, Typ.) 

low-speed operation mode(at 32kHz) 

225/iW (V CC =5V, Typ.) 

55/iW(V cc =3V, Typ.) 

stop mode 5/iW (Vcc = 5V, Max.) 

RAM retention voltage (stop mode) •• 2.0V^V RAM ^5.5V 

Subroutine nesting 96 (max.) 

Interrupt 10 types, 5 vectors 

Timers 

8-bit timers with prescalers and reload latches 2 

8-bit timers with reload latches 3 

UART with Baud Rate Generator( 8-bit) 1 

Programmable I/O ports(Port P0, P1, P2, P3) 32 

Input ports (Port P4) 8 

LCD controller/driver(1/2, 1/3 bias, 1/2, 1/3, 1/4 duty) 

segment output ■ 32 

common output 4 

Two clock generating circuits 

(One is for main clock, the other is for sub clock) 



PIN CONFIGURATION (TOP VIEW) 



SEG 8 < 
SEG 7 « 
SEG 6 < 
SEG 5 < 
SEG 4 « 
SEG 3 < 
SEG 2 « 
SEd * 
SEG 0 « 
COM 3 - 
COM 2 < 
COM 1 < 
COM 0 « 
V u - 
V L2 - 

v L3 - 

Vcc 
CNTR"* 
CTS/P3 7 « 
CLK/P3 6 « 
T X D/P3 5 « 
R X D/P3 4 « 
P3 3 « 
INT 2 /P3 2 « 



OOOOOOO m OOOOOOOO 

W LU lil 111 LLl 111 LU walLULULULULULULU 
(/3t/3WWWWW>(/)WWCOWCfl(/)W 

t t t t t t t Tttttttt 

NR|7i1R|^|7i|R|7i1|^RR|ii||ii|R|ii||i1 




|^|^|^|^|29||30||^|^|^^|^|^^|38j^||40| 

in 1 1 1 mum 

(0 CO h WmJ 5 WCMWCMCMCMCMCMCg 
Q. Q. Z > CO * ^>>Q-a.Q.Q-Q.Q.0LQ. 



Outline 80P6N 



APPLICATION 

Utility meter, Home telephone, Multi function telephone 
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M37428M4-XXXFP BLOCK DIAGRAM 



Clock Clock 
input output 




Input port P4 



SEG o~3i 
Segment output 



pom Vl1 Vl3 

COM 0 ~3 V L2 

Common Power 
0Ut P ut supply 
for 
LCD 



I/O port P3 



I/O port P2 



I/O port P1 



Note 1 ! Program counter PC H uses only 6 bits 



I/O port P0 



Z 

o 
r 
m 

o 

X 

li 

00 

■ 

00 



o 
3 
o 



o 

3D 
O 

o 
o 
S 
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MITSUBISHI MICROCOMPUTERS 

M37428M4-XXXFP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



FUNCTIONS OF M37428M4-XXXFP 



Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


1^s (shortest instruction at 8MHz) 


Clock frequency 




Memory size 


ROM 


o 1 3C uyies 


RAM 


38.d hiitac 

OOn oyieo 


Input/Output port 


PO, P1, P2, P3 


I/O 


8-bitX4 


P4 


Input 


8-bitX1 (Port P4 are in common with SEG) 


SEG 


LCD output 




COM 


LCD output 


4-bitX 1 


UART with baud rate generator 


1 channel 


Timers 


8-bit timers with prescalers and reload latchesX2 


8— bit timers with reload latchesX3 


LCD control ler/dnver 


Bias 


1/9 1 /^ Kimc colortahlo 
\ 1 C, I/O, ulda oclcL-ldUlc 


Duty ratio 


1/9 1 /*} 1 /A rlntv/ calaofihla 

i / c, i/o, i/t amy seieciauie 


Common output 


4 


Segment output 


Ot\ocu24 0CU31 die in coriimon wiui pun rtj 


Subroutine nesting 




Interrupt 


Three external interrupts six internal interrupts 
one software interrupt 


Clock generating circuit 


Two built-in circuits (ceramic or quartz crystal oscillator) 


Supply voltage 


5V±10%(at8MHz) 
2. 8-5. 5V(at 32kHz) 

RAM retention voltage at clock stop is 2~5. 5V 


Power dissipation 


Normal operation mode V C c = 5V 


30mW (typ at 8MHz) 


Low-speed operation mode Vcc^V 


225m W (typ at 32kHz) 


Stop mode V C c— 5V 


5/iW (max at 25°C) 


Operating temperature range 


-10~70X 


Process technology 


High-speed silicon gate CMOS 


Package 


80-pin plastic molded QFP 
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



PIN DESCRIPTION 



Pin 




Input/ 
Output 


Function 


Vcc, 
V SS 


Power supply 




Connect V cc to 5V±10%. Connect V ss to OV. 


CNVss 


CNV S s input 


Input 


Connect to OV to ensure proper operation in the single-chip mode 


RESET 


RESET input 


Input 


To reset the CPU, keep the RESET input terminal low for at least 2/usec under normal V C c conditions 


X|N 


Clock input 


Input 


Connect a ceramic or crystal oscillator between X| N and Xout for clock oscillation If an external clock input 
is used, connect the clock input to the X iN pin and leave the X 0 ut pm opened 


XoUT 


Clock output 


Output 


INT! 


Interrupt input 


Input 


This is the highest priority interrupt input pin (except for RESET). 


P0 0 ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each bit to be individually programmed as in- 
put or output. At reset, this port is set as input The I/O port structure is CMOS compatible. 


P1 0 ~P1 7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port with the same function as Port PO 


P2 0 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port with the same function as Port PO. It can also be used as input pins for key-on 
wake up The output is CMOS compatible 


P3 0 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port with the same function as port PO. P34, P3 5 , P3 6 and P3z can operate as R X D, 
T X D, CLK and CTS, respectively, for the UART function P3 2 can be set to work as an external interrupt in- 
put pin INT2 P3i and P3o can function as Xcin and Xcout, respectively, which are the input pins for the low- 
power dissipation mode clock 


P4 0 ~P4 7 


I/O port P4 


I/O 


Port P4 is an 8-bit input port which can operate as the LCD segment output pins SEG24~SEG3i 


v L1 ~v L3 


Supply voltage for LCD 


Input 


For LCD operation, these pins must be connected to power such that 0V^V L i^V L 2^V L3 ^V C c 


COM 0 ~ 
COM 3 


Common output 


Output 


These are LCD common output pins At 1/2 duty, COM 2 and COM3 areinot used At 1/3 duty, COM3 is not 
used 


SEG 0 ~ 
SEG31 


Segment output 


Output 


These are LCD segment output pins 


CNTR 


Counter I/O 


I/O 


This pin is used together with timer X for event counter, pulse output or PWM mode 
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 

The M37428 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 



MEMORY 

• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 

• RAM 

RAM is used for data storage as well as a stack area. 

• ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 

• Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 

• Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

• Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 





r 0000! 6 














RAM 

(192 bytes) 


00BF 16 












Not used 






RAM for LCD 
(16 bytes) 


00D0 16 
00DF 16 






Zero page 




00E0 16 


SFR area 








00FF 16 










' 0100 16 






RAM 

(192 bytes) 


,01BF 16 










Not used 






' 2000 16 






ROM 


3F00 16 






(8192 bytes) 
















► Special page for subroutine call 




3FF4 16 
,3FFF 16 


Interrupt vector area 











Fig. 1 Memory map 
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 











OOE0 16 


Port PO 


00F0 16 


Bsnd rats gGnsrstor 




0OE1 16 


Port PO direction register 


00F1 16 






0OE2 16 


Port P1 - 


00F2 16 


Transmit buffer register 




0OE3i6 


Port P1 direction register 


00F3i6 


UART status register 




0OE4 16 


Port P2 


00F4 16 


UART mode register 




0OE5 16 


Port P2 direction register 


00F5 16 


UART control register 




0OE6 16 


Port P3 


00F6 16 


Timer control register 1 




nnF7 

UUC/ 16 


Port P3 direction register 


uur/ 16 


Timer 1 




0OE8 16 


Port P4 


OOF816 


Timer 2 




0OE9 16 




00F9i 6 


Timer 3 




0OEA 16 


Interrupt source recognition register 1 


00FA 16 


Prescaler 4 




0OEB 16 


Interrupt source recognition register 2 


00FB 16 


Time» 4 




0OEC 16 


System control register 


00FC 16 


Prescaler X 




0OED 16 




00FD 16 


Timer X 




0OEE 16 




00FE 16 


Interrupt control register 




00EF 16 


LCD mode register 


OOFFie 


Timer control register 2 













Fig. 2 SFR (Special Function Register) memory map 
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PIGGYBACK for M37409M2-XXXSP 



DESCRIPTION 

The M37409PSS is an EPROM mounted-type microcompu- 
ter which utilizes CMOS technology, and is designed for 
developing programs for single-chip 8-bit microcomputers 
the M37409M2-XXXSP. It is housed in a piggyback-type 
52-pin shrink DIP. 

There is a 28-pin socket on the package for the M5L2764K 
or the M5L27128K EPROM. 

The M37409PSS simplifies the development of programs for 
the M37409M2-XXXSP, and is excellent for making proto- 
types. 

Therefore the M37409PSS can be used for the develop- 
ment of programs for the M37409M2-XXXSP. 



FEATURES 

• Differences with the M37409M2-XXXSP are: 

(1) ROMIess, EPROM is attached externally. 

(2) Suitable EPROM is the M5L2764K or the M5L27128K. 

APPLICATION 

Development of programs for the following systems; 

• Office automation equipment 



PIN CONFIGURATION (TOP VIEW) 



A 6 - 
A 5 " 
A 4 - 
A 3 " 
A 2 - 
Ai- 
_Ao- 

Wnte control signal WR - 
Read control signal RD - 
Chip select CS - 
D 7 - 
D 6 < 

D 4 < 

Data bus q 3 < 
D 2 < 
IV 
Do' 

UART clock CLK - 
CNVss 



j© 
i © 



Reset Input RESET - 
Clock input X| N - 
Clock output Xqut * 
Timing output <f> * 
Vss 



28-pin socket for 
EPROM 



| ® 

►H L. 

H 
E 



Vcc 

<© 

) (5) 
) ® 
) (S> 
) (5) 
) ® 

> (5) 
) © 
> <5> 

> eg) 
) (5) 

Vss 



V CC < 
V cc S 
V CC <1 

® d 
C5) « 

& <5 
®>(J 
(S>> <? 
® <^ 



M37409PSS 



Outline 52S1M 



1 
ID. 

49]* 

g. 

1* 
1- 
g* 

44]* 

g. 
g. 

39]* 

1* 



34]. 
1- 



Vcc 

P0 0 

PO1 

P0 2 

P0 3 

P0 4 

P0 5 

P0 6 

P0 7 

P1o 

P1i 

PI2 

P1 3 

PI4 

P1 5 

P1e 

PI7 

CTS 3 

RxD 3 

T X D 3 

CTS 2 

R X D 2 

T X D 2 

CTS! 

RxDi 

TxD! 



I/O port PO 



I/O port P1 



Transmit control input 
Receive input 
Transmit output 
Transmit control input 
Receive input 
Transmit output 
Transmit control input 
Receive input 
Transmit output 



The symbol "O" indicates sockets for EPROM 
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PIN DESCRIPTION 



Pin 


Name 


input/ 
Output 


Functions 


Vcc, 
V ss 


Supply voltage 




Power supply inputs 5Vi5% to Vcc, and OV to Vss- 


CNVss 


CNVss 




This is usually connected to V S s 


RESET 


Reset input 




To enter the reset state, the reset input pin must be kept at a "L" for more than 2/is (under normal Vcc 
conditions.) If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time. 




Clock input 


Input 


This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the X| N and X 0 ut pins If an external clock is used, the clock 
source should be connected the Xin pin and the Xout pin should be left open. 




Clock output 


Output 


P0 o ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional register allowing each I/O bit to be individually programmed as 
input or output. 

This port is connected to the system bus only, and can not be accessesd from the local bus At reset this 
port becomes input mode. The output structure is CMOS output 


P1o~P1 7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same function as port PO This port is connected to the 
local bus and can be used as only input port from the system bus. The output structure is CMOS output. 


T x Di — 
T X D 3 


UART transfer output 


Output 


These are UART transfer data output pins 


P«xDi — 
P»xD3 


UART receive input 


Input 


These are UART receive data input pins 


CTS^ — 
CTS 3 


UART transfer 
control input 


I/O 


These are UART transfer control signal input pins and can be used as I/O port which have basically same 
function as port P1 


CLK 


UART clock input 


Input 


This port is an external clock input pin for baud rate 


A 0 ~A 7 


Address input 


Input 


This port is input for system address 


D 0 ~D 7 


Data input/output 


I/O 


This port is input or output the system data 


CS 


Chip select 


Input 


System data can be read or written by inputting "L" to this port 


RD 


Read control input 


Input 


Memory or register data specified by A 0 ~A 7 is read from D 0 ~D 7 by inputting "L" to this port 


WR 


Write control input 


Input 


Data input from D 0 ~D 7 is written to memory or register specified by A 0 ~A 7 by inputting "L" to this port 


®~© 


Output port A 


Output 


These are for addresses to an EPROM mounted on the package. 


®~© 


Input port D 


Input 


These are for input data from an EPROM mounted on the package 
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EXPLANATION OF FUNCTION BLOCK 
OPERATION 

The differences between the M37409PSS and the M37409M2 
-XXXSP are noted below. The following explanations apply 
to the M37409PSS. Specification variations for other chips 
are noted accordingly. 



MEMORY 

The M37409PSS is mounted an EPROM instead of an ex- 
ternal ROM. 

The address of an EPROM is 0800 16 ~ 1 FFF 16l and this 
memory size is 6144 bytes. Other than these, the 
M37409PSS has the same function as the M37409M2- 
XXXSP. 



PRECATION FOR USE 

(1) In case of the M5L2764K EPROM use the following 
areas (refer to Figure 1 ). 

• For use the M37409M2-XXXSP, usable ROM area 
is 1000 16 ~1FFF 16 . 

M5L2764K-. addresses 1000 16 ~1 FFF 16 

M5L27128K addresses 3000 16 ~3FFF 16 



RAM 

(128 bytes) 



Access 
flag 



Dual-port RAM 
(192 bytes) 



ROM 

(6144 bytes) 



007F 16 
00C0 16 

00D7 16 

00E0 16 
00FF 16 

0200 16 

02BF 16 
080^ 

IFOd 
1FEC 16 

1FFF 16 



Not used 



SFR area 



Not used 



Interrupt vector area 



Address area apply to local bus 



Zero 
page 



Special 
page for 
subroutine 
call 



00 16 
C0 1£ 
D8 16 

F5 16 
F6 16 
F7 16 
F8 16 
F9ie 
FA 16 
FB 16 
FC 16 
FD 16 
FE 16 
FF 16 



Dual-port RAM 



Access flag 



Not used 



Port P2 



Port PO directional 
register 



Not used 



Collision detect register 



IPC semaphore register 



Address area apply to system bus 



Fig.1 Memory map 



3-399 



MITSUBISHI MICROCOMPUTERS 

M37409PSS 



PIGGYBACK for M37409M2-XXXSP 











00E0 16 


Port P1 


00F0 16 


IPC mode register 0 




00E1 16 


Port P1 directional register 


00F1 16 


IPC mode register 1 




00E2 16 


Dual-port RAM direction specify register 


00F2 16 


IPC mode register 2 




00E3 16 




00F3 16 


IPC mode register 3 




00E4 16 


UART1 receive/transfer buffer register 


00F4 16 


IPC error register 0 




00E5 t6 


UART1 status register/UART1 mode register 


00F5 16 


IPC error register 1 




00E6 16 


UART1 control register 


00F6 16 


IPC error register 2 




0OE7 16 


UART1 divider for baud rate generate 


00F7 16 


IPC error register 3 




00E8 16 


UART2 receive/transfer buffer register 


00F8 16 






00E9 16 


UART2 status register/UART2 mode register 


00F9 16 


IPC semaphore register 




00EA 16 


UART2 control register 


00FA 16 


Collision detect register 




00EB 16 


UART2 divider for baud rate generate 


00FB 16 


Interrupt enable register 




00EC 16 


UART3 receive/transfer buffer, register 


00FC 16 


Interrupt request register 




00ED 16 


UART3 status register/UART3 mode register 


00FD 16 


Prescaler X 




00EE 16 


UART3 control register 


O0FE 16 


Timer X 




00EF 16 


UART3 divider for baud rate generate 


O0FF 16 


Timer control register 













Fig. 2 SFR (Special Function Register) memory map 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s 
Output transistors cut-off 


-0. 3— 7 


V 


v, 


Input voltage X| N , RESET, (do)~(d7) 


-0. 3~ 7 


V 


v, 


Input voltage P0 0 ~P0 7 , P1o~P17> D 0 ~D 7 , A 0 ~A 7 , 
RD, WR, CS, CLK, RyD^RxDa, 
CTS^CTSa 


-0. 3~Vcc+0. 3 


V 


v, 


Input voltage CNV S s 


-0. 3—13 


V 


V 0 


Output voltage P0 0 ~P0 7 , P1 0 ~P1 7 , X 0 ut. <f>, 

D 0 ~D 7 , TxDi~TxD3, CTS^CTSs, 

©~© 


-0. 3-V C c+0. 3 


V 


Pd 


Power dissipation 


T a =25°C 


1000 


mW 


Topr 


Operating temperature 




-10—70 


°C 


T stg 


Storage temperature 




-40—125 


°C 



RECOMMENDED OPERATING CONDITIONS (V CC =5V±5%, T a =-10~70°C, unless otherw.se noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm. 


Typ 


Max 


Vcc 


Supply voltage 


4. 75 


5 


5. 25 


V 


V ss 


Supply voltage 




0 




V 


V, H 


"H" input voltage X, N , RESET, CLK, P0 0 ~P0 7 , P1 0 ~P1 7 , 
RxDi~RxD3, CTS^~CTS^ 


0. 8V CC 




Vcc 


V 


V 1H 


"H" input voltage A 0 ~A 7 , D 0 ~D 7 , RD, WR, CS 


2 




Vcc+0.3 


V 


V,H 


"H" input voltage (og)~(S) 


0. 45V CC 




Vcc 


V 


V,l 


"L" input voltage P0 0 ~P0 7 , P1 0 ~P1 7> CLK, 
RxDi~RxD3, CTS7~CTS^ 


-0.3 




0. 2V CC 


V 


V, L 


"L" input voltage A 0 ~A 7 , D 0 ~D 7 , RD, WR, CS 


-0.3 




0.8 


V 


V, L 


"L" input voltage RESET 


-0.3 




0. 12V CC 


V 


V, L 


"L" input voltage X| N 


-0.3 




0. 16V CC 


V 


V, L 


"L" output voltage (do)~(d 7 ) 


0 




0.1 5 V cc 


V 


'oh 


"H" output current P0 0 ~P0 7> P1 0 ~P1 7 , <t>, 

TxD^TxDs, CTSi-CTSa 






-10 


mA 


'OH 


"H" output current D 0 ~D 7 






-1.0 


mA 


l0L 


"L" output current P0 0 ~P0 7 , P1 0 ~P1 7 , <t>, 

TxDT-TxDa, CTSi~CTS 3 






10 


mA 


loL 


"L" output current D 0 ~D 7 






-1.6 


mA 



Note 1 : Average output current loi_(avg) and loH(avg) are tn © average value o f a per iod of 100ms 
2 : Total of "L" output current l OL , of ports P0, P1, TxD^TxDs and CTSj— CTS 3 is —50mA max 
Total of "H" output current l OH , of port P0, P1, TxDi—TxDa and CTS^CTSa is 50mA max 



ELECTRICAL CHARACTERISTICS (V CC =5V, V ss =0V, T a =25°C, f(X IN )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


. Unit 


Mm 


Typ 


Max 


Vqh 


"H" output voltage P0 0 ~P0 7 , P1 0 ~P1 7 , 0 

, TxD^TxDs, CTSi-CTS^ 


l O H=-10mA 


Vcc-2 






V 


Vqh 


"H" output voltage D 0 ~D 7 


I 0 h=— 1mA 


2.4 






V 


Vol 


"L" output voltage P0 0 ~P0 7 , P1 0 ~P1 7 , <t> 

T x Di~TxD3, CTST-CTS^ 


l O L=10mA 






2 


V 


Vol 


"L" output voltage D 0 ~D 7 


Iol = 1 - 6mA 






0.4 


V 


I, 


Input leak current A 0 ~A 7 , RD, WR, CS, CLK 


V ss ^V,^ Vcc 


-5 




5 


juA 


I, 


Input leak current RESET, X| N 


V SS ^V,^7V 


-5 




5 


juA 


loz 


Tn-state leak current P0 0 ~P0 7 , P1 0 ~P1 7 , 
D 0 ~D 7 , CTSi-CTSa 


V ss +0. 5^V o ^V cc -0. 5V 


-5 




5 


/uA 


v T +-v T - 


Hysteresis RESET, CLK, RxD^RxDs, CTSi~CTS 3 






0.6 




V 
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DESCRIPTION 

The M37415PFS is an EPROM mounted-type microcompu- 
ter which utilizes CMOS technology, and is designed for 
developing programs for single-chip, 8-bit microcomputer 
M37415M4-XXXFP. It is housed in a piggyback-type 8f>pin 
QFP. 

There is a 32-pin socket on the package. 
The M37415PFS simplifies the development of programs 
for the M37415M4-XXXFP and is excellent for making pro- 
totypes. 



PIGGYBACK for M37415M4-XXXFP 



FEATURES 

• Diffierence with the M37415M4-XXXFP are: 
ROMIess, EPROM is attached externally. 

APPLICATION 

Development of programs for home telephone, multi func- 
tion telephone 



PIN CONFIGURATION (TOP VIEW) 



OOOOUUO w (3 CD O O O CD O 

LU LU LU LU LU LU LU wLULULULULULULU 

cococococococo> cococococococo 

t t t t t t t t t t t t t t 




t t t t i t t t t t t t t 



^ Jfc 

.91- 2 I 
O c 



Outline 80S6M 

The symbol "O" indicates sockets for EPROM 
NC No connection. 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc, 
V SS 


Supply voltage input 




Power supply inputs 5V+1096 to V C c and OV to V ss . 


CNV S s 


CNVss input 




Connect to Vss 


RESET 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2//s (under normal V C c 
conditions) If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time. 




Clock input 


Input 


These are I/O pins of internal clock generating circuit for main clock To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the X !N and X 0 ut pins. If an external 
clock is used, the clock source should be connected the X| N pin and the Xout pm should be left open. 


X 0 UT 


Clock output 


Output 


INtT 


Interrupt input 


Input 


This is the highest order interrupt input pin. It can be measured input voltage level 


P0 0 ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional register allowing each I/O bit to be individually programmed as 
input or output At reset, this port is set to input mode The output structure is CMOS output 


P1o~P1 7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO. 


P2 0 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO 


P3 0 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO When serial I/O is used, P3 7 , 
P3 6 , P3 5 , and P3 4 work as S RD y. CLK, S 0 ut. and S iN pins, respectively Also P33, P3 2 , P3l and P3 0 work as 
timer 3 overflow signal divided by 2 output pin (T), INT 2 pin, Xcin and X C out pms, respectively 


P4 0 ~P4 7 


Input port P4 


Input 


Port P4 is an 8-bit input port and can be used as segment output pins 


V L 


Voltage input for LCD 


Input 


This is a voltage input pin for LCD Supply voltage is 0V^V L ^V C c 0V~V LV is supplied to LCD. 


COM 0 ~ 
COM 3 


Common output 


Output 


These are the LCD common output pins At 1/2 duty, COM 2 and COM3 pms are not use At 1/3 duty, COM3 
pin is not used 


SEG 0 ~ 
SEG 23 


Segment output 


Output 


These are LCD segment output pins 


CNTR 


Counter I/O 


I/O 


This is an output pin for timer 4 and 5 It can be measured input voltage level 


V REF 


D-A convert power 
supply for DTMF 




Reference voltage input for A-D converter of DTMF 


Tone 


DTMF output 


Output 


This is DTMF output pin. 


A 0 ~A 13 


Output port A 


Output 


These are for addresses to an EPROM mounted on the package 


D 0 ~D 7 


Input port D 


Input 


These are for input data from the EPROM mounted on the package 
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EXPLANATION OF FUNCTION BLOCK 
OPERATION 

The differences between the M37415PFS and the 
M37415M4-XXXFP are noted below. The following explana- 
tions apply to the M37415PFS. Specification variations for 
other chips are noted accordingly. 



MEMORY 

The M37415PFS is mounted an EPROM instead of an inter- 
nal ROM. The address of an EPROM is from 1000 16 to 
3FFF 16 , and this memory size is 12288 bytes. The memory 
size of a RAM is 512 bytes as same as the M37415M4- 
XXXFP. 



RAM 
(128 bytes) 



007F 1( 



RAM for LCD I 00D0 16 
(16 bytes) G0DF 16 



00FF 1( 
0100i, 



RAM 

(384 bytes) 



1000 1( 



Zero page 



SFR area 



3F00 16 



External ROM 
(12288 bytes) 



3FF4 1£ 



Special 
page 
for 

subroutine 
call 



Interrupt vector area 



3FFF 16 



Fig.1 Memory map 
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00E0 16 


Port PO 


00F0 16 






00E1 16 


Port PO directional register 


00F1 16 






00E2 16 


Port P1 


00F2 16 






00E3 16 


Port P1 directional register 


00F3 16 






00E4 16 


Port P2 


00F4 16 


DTMF register 




00E5 16 


Port P2 directional register 


00F5 16 


LCD mode register 




00E6i 6 




00F6 16 


Serial I/O mode register 




0OE7 16 




00F7 16 


Serial I/O register 




00E8 16 


Port P3 


00F8 16 


Timer 4, 5 mode register 




00E9 16 


Port P3 directional register 


00F9 16 


Timer 1 




00EA 16 


Port P4 


00FA 16 


Timer 2 




OOEB16 






Timer 3 




00EC 16 




00FC 16 


Timer 4 




00ED 16 




00FD 16 


Timer 5 




00EE 16 




00FE 16 


Interrupt control register 




00EF 16 




00FF 16 


Timer control register 













Fig. 2 SFR (Special Function Register) memory map 
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PRECAUTION FOR USE 

(1) When developing programs with the M37415PFS, care- 
fully consider the ROM capacity of the M37415M4- 
XXXFP. 

Use the ROM area from 2000 16 to 3FFF 16 . 



(2) The M37415PFS has no options as the M37415M4- 
XXXFP. The condition of ports P0~P3 and CNTR is 
noted below. 

P0~P3, CNTR - without the pull-up transistor 

P3 5 /S 0 ut N-channel open drain output 

(3) The way of mounting an EPROM is shown in Figure 3. 




EPROM 

27C128, 27C256 




M37415PFS 



Pin 80 



Fig.3 How to mount an EPROM 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s 


-0.3— 7 


V 


V, 


Supply voltage for LCD V L 


-0. 3~Vcc+0. 3 


V 


V, 


Input voltage P0 0 ~P0 7 , P1 0 ~P17. P2 0 ~P2 7 , 
P3 0 ~P3 7l SEG 2 4~SEG 31 , X !N 


-0. 3~Vcc+0. 3 


V 


Vi 


Input voltage INTi, CNV SS , V REF 


-0. 3~ 7 


V 


V, 


Input voltage RESET, CNTR 


-0.3—13 


V 


Vo 


Output voltage P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7 , 

P3 0 ~P3 7l COM 0 ~COM 3> SEG 0 ~SEG 3 i, 

XoUT 


-0. 3~Vcc+0. 3 


V 


Vo 


Output voltage CNTR 


-0. 3~ 7 


V 


Pa- 


Power Dissipation 


T a = 25°C 


300 


mW 


Top r 


Operating temperature 




-10—70 


°C 


T stg 


Strage temperature 




-40-125 


°C 



RECOMMENDED OPERATING CONDITIONS (V C c=3.0(Note1)~5.5V,V S s=0V,T a =-10~70 o C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


V C c 


Supply voltage ( Note 2 ) 


f(X, N )=3.2MHz 


4.5 




5.5 


V 


f(X, N )=800kHz 


3.0(Note1) 




5.5 


V S s 


Supply voltage 






0 




V 


Vref 


Supply voltage for DTMF 


R L ^20kO 


1.5 




Vcc-0.5 


V 


V, H 


"H" input voltage P0 0 ~P0 7 , P1 0 ~P1 7 , 
P3 0 , P3i (Note 3 ), 
P3 3 ~P3 7 (Note 4 ), P4 0 ~P4 7 , 
RESET, X| N , CNVss 




0. 7V CC 




Vcc 


V 


V, H 


"H" input voltage P2 0 ~P2 7> P3 2 , P3 6 (Note 5 ) 
INt7, CNTR 




0. 8V CC 




Vcc 


V 


V, L 


"L" input voltage P0 0 ~P0 7 , P1 0 ~P1 7 , 
P3 0 , P3i (Note 3 ), 
P3 3 ~P3 7 (Note 4 ), P4 0 ~P4 7 , 
CNV S s 




0 




0. 3V CC 


V 


V IL 


"L" input voltage P2 0 ~P2 7l P3 2 , P3 6 (Note 5 ), 
INtT, CNTR 




0 




0. 2V CC 


V 


V, L 


"L" input voltage RESET 




0 




0.12V CC 


V 


V 1L 


"L" input voltage X !N 




0 




0.16V CC 


V 


'OH 


"H" Output current P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7 , 
P3 0 ~P3 7 (Note6 ), Xout 








-2 


mA 


•oL(peak) 


"L" peak output current P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7 , 
P3 0 ~P3 7 , CNTR, X OU T(Note7 ) 








10 


mA 


louavg) 


"L" average output current P0 0 ~P0 7 , P1 0 ~P1 7 , 
P2 0 ~P2 7 , P3 0 ~P3 7 , 
CNTR, X OU T(Note8 ) 








5 


mA 


f(x, N ) 


Clock oscillating frequency (Note 9 ) 


V cc =4. 5-5. 5V 


380 




3300 


kHz 


V cc =3.0(Note1)~5. 5V 


380 




1000 


f(x CIN ) 


Clock oscillating frequency for clock function 




32 




50 


kHz 



Note 1 

2 
3 
4 
5 
6 
7 



Minimum value of V cc is dependent on the EPROM used. At normal temperature, this value is about 2. 5V. Therefore, 3. OV is dependent on 
the proper operation of the EPROM at that voltage 

When only operating the RAM data retention, minimum value of V C c is 2 V 
When using port P3, as X C in, 0. 85^V C c^V|h^V C c. 0 ^V, u ^0. 15V CC for port P3, 
In this case of using port P3 6 as normal input 
In this case of using port P3 6 as CLK input 

The total of I 0 h of port P0, P1 , P2, P3 and X OU t should be 35mA max 

The total of l OL (peak) of port P0, P1, P2, P3 should be 55mA max, and the total of l OL (peak) of port P3, CNTR, and 

Xout should be 45mA 

max 

lot. (avg) is the average current in 100ms 

When using DTMF function, f(X, N ) should be 400kHz, 800kHz, 1.6MHz, or 3.2MHz 
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ELECTRICAL CHARACTERICS (V ss = 0 V, T a =-10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


v OH 


"H" output voltage P0 0 ~P0 7 , P1 0 ~P17, P2 0 ~P2 7 , 
P3 0 ~P3 4 (Note1 ), P3 6l P3 7 


V CC =5V, l 0 H=-2mA 


3 






V 


V CC =3V, l OH =-0.7mA 


2 






v OH 


"H" output voltage Xout 


V C c=5V, l 0H =-1.5mA 


3 






v 


V C c=3V, l 0H = -0.3mA 


2 






Vol 


"L" output voltage P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7 , 
P3 0 ~P3 7 (Note1 ), CNTR 


V C c=5V, l OL =10mA 






2 


v 


V C c=3V, l 0L =3mA 






1 


v OL 


"L" output voltage Xout 


V C c=5V, l 0L =1.5mA 






2 


v 


V C c=3V, l OL =0. 3mA 






1 


v t+ v j— 


Hysteresis INT7, CNTR 


V CC =5V 


0. 25 




1 


v 


V CC =3V 


0. 15 




0.7 


V T +-V T - 


Hysteresis P36 


When used as 

CLK input 


V CC =5V 




0.5 




V 


V CC =3V 




0.4 




V T +— V T - 


Hysteresis P3i 


When used as 

X C in input 


V CC =5V 




0.7 




v 


V CC =3V 




0.5 




V T +— V T - 


Hysteresis P2 0 ~P2 7 , P3 2 


V CC =5V 




0.5 




v 


V CC =3V 




0.4 




V T +-V T - 






V CC =5V 




0.5 


0.7 


V 


Hysteresis RESET 


V CC =3V 




0. 35 




V T+ V T— 


Hysteresis X| N 


V CC =5V 




0.5 




v 


V CC =3V 




0. 35 




I.L 


"L" input current SEG 2 4~S 
|P0 0 ~P0 7 
without pt 


EG31 (except reset state) 

, P1 0 ~P1 7 , P2 0 ~P2 7> P3 0 ~P3 7 ( 


V CC =5V 
V,=0V 






-5 


UA 


ll-up Tr INTl RESET, X, N 


V CC =3V 
V,=0V 






—4 


l|L 


"L" input current SEG 24 ~SEG 3 i (at reset state) 


V CC =5V, V L =5V, V|=0V 


—30 




— 140 


juA 


V CC =3V, V L =3V, V,=0V 


—6 




-45 


I.H 


"H" input current SEG 24 ~S 
P0 0 ~P0 7 , 
P3 0 ~P3 7 , 


EG31 (except reset state) 
P1 0 ~P1 7 , P2 0 ~P2 7 , 


V CC =5V 
V,=5V 






5 


juA 


INTi, RESET, X, N 


V CC =3V 
V,=3V 






4 


llH 


"H" input current SEG 2 4~SEG 3 i (at reset state) 


V CC =5V, V L =5V, V,=5V 






5 


juA 


V C c=3V, V L =3V, V,=3V 






4 


'cc 


Supply current 


Output pins are opened. 
RESET, P0 0 ~P0 7 , 
P1 0 ~P1 7 , P2 0 ~P2 7 , 
and P3 0 ~P3 7 are 
connected to V C c- 
Except the above pins 
are connected to V S s- 
However, X| N and X C in 
are input signal according 
to the conditions 
Without supply 
current for EPROM 


| at stop state | 


f(X, N )=3.2MHz 
V CC =5V 


at DTMF wave form 
output 




4 




mA 


at DTMF wave form 
stop 




3 




f(X, N )=800kMHz 
V CC =3V 


at DTMF wave form 
output 




0.8 




at DTMF wave form 
stop 




0.5 




T a =25°C 

Xi N =oy 

f(X C iN) : =32.8kHz 
at low power mode 
(LM 6 =1) 


V CC =5V 




45 




juA 


V CC =3V 




18 




at wait state 


f(X )N )=3.2MHz, V CC =5V 




1 




mA 


f(X| N )=800kHz, V CC =3V 




0.3 




T a =25°C 
X| N =0y 

f(X C iN)=32 8kHz 
at low power mode 
(LM 6 =1) 


V CC =5V 




20 




M A 


V CC =3V 




4 




at operation I 


f(X, N )=0 

f(Xc, N )=0 

V c 'c=5V 


T a =25°C 




0. 1 




T a =70°C 








Vram 


RAM retention voltage 


f(X| N )=0,f(Xci N )=0 | 2 




5.5 


V 



Note 1 : If P3 0 is used as X C out. capability of load driving is lower than the above 
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DTMF CHARACTERISTICS (V ss =0V, T a =-10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Tes conditions 


Limits 


Units 


Min 


Typ 


Max 


Vox 


Output voltage T one 


High frequency band group 


V CC =5V, V REF =4.5V, R L =20kQ 


470 


490 


510 


mVrms 


V CC =3V, V REF =2.5V, R L =20kn 


257 


270 


283 


Low frequency band group 


V CC =5V, V REF =4.5V, R L =20kn 


325 


345 


365 


V CC =3V, V REF =2.5V, R L =20kfl 


177 


190 


203 


dB CR 


Output ratio of high frequency band to low frequency band 


R u =20kfl 


2.5 


3 


3.5 


dB 


DIS 


Disportional percentage 


R L =20kfl, T a =25°C 




13 




% 



Accuracy of DTMF output (at low frequency band value) 



Standard frequency value [Hz] 


Output frequency value [Hz] 


Deflection 


Error [%] 


697 


694. 44 


-2. 555 


-0. 367 


770 


769. 23 


-0. 769 


-0. 1 


852 


854.7 


2.7 


0. 317 


941 


938. 97 


-2. 033 


-0. 216 



Accuracy of DTMF output (at high frequency band value) 



Standard frequency value [Hz] 


Output frequency value [Hz] 


Deflection 


Error [%] 


1209 


1204.8 


-4. 181 


-0. 346 


1336 


1 333. 3 


-2. 667 


-0.2 


1477 


1470.6 


-6.412 


—0. 434 


1633 


1639.3 


6. 344 


0. 389 
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DESCRIPTION 

The M37421P-000SS and the M37421 P-001SS are EPROM 
mounted-type microcomputers which utilizes CMOS tech- 
nology, and is designed for developing programs for single- 
chip 8-bit microcomputer the M37421 M6-XXXSP. It is 
housed in a piggyback-type 64-pin shrink DIP. 
There is a 28-pin socket on the package for the 
M5L27128K or the M5L27256K EPROM. 
The M37421P-000SS and the M37421 P-001SS simplify the 
development of programs for the M37421 M6-XXXSP and is 
excellent for making prototypes. 



FEATURES 

• Differences with the M37421 M6 are: 

(1) ROMIess, EPROM is attached externally. 

(2) Suitable EPROM is the M5L27128K or the M5L27256K. 

APPLICATION 

Development of programs for VCR, tuners, and audio-visual 
equipment 



PIN CONFIGURATION (TOP VIEW) 



I/O port P6 



I/O port P2 



I/O port P3 



Input port P5 j 

Reset input 
Clock input 
Clock output 
Clock input for timer 
Clock output for timer 



Vcc 

P6 4 ' 
P6 3 /PWM3 - 
P6 2 /PWM2 « 
PS^PWMI « 
P6 0 /T « 
P2 7 « 
P2 6 < 

P2 4 « 

P2 2 < 
P2, « 

_PV 

p^/Srcy * 

P3 6 /CLK - 
P35/S0UT" 
P3„/S, N • 
P3 3 /AN IN - 
P3 2 /CNTR - 
P3, - 
P3„- 
P5 3 /INT, - 
P5 2 /INT 2 - 
CNVss 



RESET - 

X 0 UT ' 
XctN " 
XcoUT ' 

Vss 



E 

■n. 

•E 
>E 
-E 
-E 
•E 
•E 
-E 

•E 

■ 01 

■m 

-01 

■ 01 
.E 
•E 

■ E 

► [20 

■m 

► [22 

•E 

■ d 

Q 

•E 
• H 

-[29 

■n 

-E 
H 



28-pin socket for EPROM 



1© Vcc 


V cc © j 


1© A 12 


Vcc © I 


j® A r 


A13 ®\ 


I® A 6 


A 8 @! 


|® A 5 


A 9 ® [ 


j® A 4 


A11 ©I 


j® A 3 


Vss © I 


® A * 


A10 © I 


j® At 


V ss ©! 


I © A 0 


D 7 ©I 


j© Do 


D 6 © j 


j© D, 


D 5 @] 


I © D 2 


D 4 ©I 


' © V ss 

I 


D 3 © | 



M37421P-000SS 
M37421P-001SS 



Outline 64S1M 



3- 
1- 

g- 
g- 
g- 
g- 

g- 

55] -»• 

3- 

1- 
g- 

ID- 
g- 

49] 

g- 
g~ 
g- 
1- 

44] -»> 

g- 
g- 
g- 

40j -* 

3^ 

1- 
3- 
g- 



P4 0 

P4i 

P4 2 

P4 3 

P4 4 

P4 5 

P4 6 

P4 7 

POo 

POi 

P0 2 

P0 3 

P0 4 

P0 5 

P0 6 

P0 7 

P1o 

P1i 

P1 2 

P1 3 

PI4 

P1 5 

P1e 

PI7 

P5 0 

P5i 

V P 

P5 4 

P5 5 

P5 6 

P5 7 



High-voltage output port P4 



High-voltage output port PO 



High-voltage output port P1 



^ High-voltage output port P5 
Pull-down voltage input 

f Input port P5 
Timing output 



The symbol "O" indicates sockets for EPROM 
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PIN DESCRIPTION 



Pin 




Input/ 
Output 


Functions 


Vcc, 
V SS 


Supply voltage 




Power supply inputs 5V±5% to V C c. and OV to V S s 


CNV SS 


CNVss 




This is usually connected to V S s 


v P 


Pull-down voltage 


Input 


This is the input voltage pin for the pull-down transistor of ports PO, P1, P4, P5 0 and P5) 


RESET 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2//s (under normal V C c 
conditions ) If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time 




Clock input 


Input 


This chip has an internal clock generating circuit 

To control generating frequency, an external ceramic or a quartz crystal oscillator is connected between 
the X| N and X 0 ut pms If an external clock is used, the clock source should be connected the X| N pin and 
the Xout pm should be left open. 


XoUT 


Clock output 


Output 




Timing output 


Output 


This is the timing output pin <£=2MHz (when X| N =4MHz) 


XciN 


Clock input for 
clock function 


Input 


This is the I/O pins of the clock generating circuit for the clock function To control generating frequency, 
an external ceramic or a quartz crystal oscillator is connected between the X C in and X C out P'ns If an exter- 
nal clock is used, the clock source should be connected to the X C in pm, and the X C out pm should be left 
open This clock can be used as a program controlled the system clock 


XcOUT 


Clock output for 
clock function 


Output 


P0 0 ~P0 7 


Output port PO 


Output 


Port PO is an 8-bit output port Output structure is high-voltage P-channel open drain A pull-down transistor 
is built in between the V P pin and this port 
At reset, this port is set to a "L" level 


P1 0 ~P1 7 


Output port P1 


Output 


Port P1 is an 8-bit output port and has basically the same functions as port PO 


P2 0 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port with directional registers aHowing each I/O bit to be individually programmed as 
input or output At reset, this port is set to input mode. 
The output structure is N-channel open drain 


P3 0 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port P2 When serial I/O is used, P3 7 , 
P3 6 , P35, and P3 4 work as S RDY CLK, Sout. and S| N pins, respectively 


P4 0 ~P4 7 


Output port P4 


Output 


Port P4 is an 8-bit output port and has basically the same functions as port PO 


P5 0> P5t 


Output port P5 


Output 


Bit 0 and 1 of port P5 are 2-bit output port and has basically the same functions as port PO 


P5 2 /INT 2i 
P53/INT! 


Input port P5 


Input 


Bit 2 and 3 of port P5 are 2-bit input port and are in common with interrupt inputs 


P5 4 ~P5 7 


Input 


Bit 4~7 of port P5 are 4-bit input port 


P6 0 ~P6 5 


I/O port P6 


I/O 


Port P6 is a 6-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output The output structure is CMOS tri-state output P6 0 , P61, P6 2 , P6 3 can be programmed to 
function as timer output pin (T), PWM output pins (PWM1, PWM2, and PWM3), respectively 


A 0 ~A 14 


Output port A 


Output 


These are for addresses to an EPROM mounted on the package 


D 0 ~D 7 


Input port D 


Input 


These are for input data from an EPROM mounted on the package 
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EXPLANATION OF FUNCTION BLOCK 
OPERATION 

The differences between the M37421 P-000SS, the 
M37421P-001SS and the M37421 M6-XXXSP are noted be- 
low. The following explanations apply to the M37421P- 
000SS and the M37421P-001SS. 

Specification variations for other chips are noted accor- 
dingly. 



MEMORY 

The M37421P-000SS and the M37421 P-001SS are mounted 
an EPROM instead of an internal ROM. 
RAM size is 512 bytes, and addresses 0100 16 to 023F 16 are 
used for the stack. 

The address of an EPROM is 8000 16 — FFFF 16 , and this 
memory size is 32K bytes. Other than these, the M37421P- 
000SS and the M37421P-001SS have the same functions as 
the M37421M6-XXXSP has. 











RAM 
( 1 Q? hvtp<s) * 


r 0000 16 
k 00BF 16 












Not used 




Zero page 




00E0 16 


SFR area 






RAM 

(320 bytes) * 


0100 16 
. 023F 16 








Not used 






' 8000 16 








FF00 16 








ROM 

(32K bytes) ' 








Special 
page for 
subroutine 




FFF4 16 


Interrupt vector area 




call 




, FFFF 16 















Fig.1 Memory map 
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00E0 16 


Port PO 


00F0 16 


PWM1-H register 




00E1 16 




00F1 16 


PWM1-L register 




00E2 16 


Port P1 


00F2 16 


PWM2 register 




0OE3 16 




00F3 16 


PWM3 register 




00E4 16 


Port P2 


00F4 16 






0OE5 16 


Port P2 directional register 


00F5 16 


PWM output mode register 




OOE616 




00F6 16 


Serial I/O mode register 




00E7 16 




00F7 16 


Serial I/O register 




00E8 16 


Port P3 


00F8 16 






00E9 16 


Port P3 directional register 


00F9 16 


Serial I/O register 2 




00EA 16 


Port P4 


00FA 16 


Timer 1 




00EB 16 




OOFE^ 






00EC 16 


Port P5 


00FO 16 


Timer 2 




00ED 16 




00FD 16 


Timer 3 




00EE 16 


Port P6 


00FE 16 


Interrupt control register 




00EF 16 


Port P6 directional register 


00FF 16 


Timer control register 













Fig. 2 SFR (Special Function Register) memory map 



RESET MODE 

With the M37421M6-XXXSP, one of the two modes can be 
selected: the normal operation start mode which executes 
reset by normal operation (f (X, N ) == 4.2MHz) and the low- 
speed operation start mode which executes reset by low- 
speed operation (f(X C iN) = 3.2kHz). 
Therefore, two types of piggybacks are provided: 
(1 ) M37421 P-000SS 

With this piggyback, pin <t> is set to the internal reset 
signal output and the reset mode option to the normal 
operation start mode. 
.(2) M37421P-001SS 

With this piggyback, pin (f> is set to the internal reset 
signal output and the reset mode option to the low- 
speed operation start mode. 



PRECAUTION FOR USE 

(1) In case of the M5L27128K or the M5L27256K EPROM 
use the following areas (refer to Figure 1 ): 

• For the M37421 M6-XXXSP, usable ROM area are 
D000 16 ~FFFF 16 . 

M5L27128K addresses 1000 16 ~3FFF 16 

M5L27256K addresses 5000 16 ~7FFF 16 

(2) In case of the development of programs by the 
M37421 P-000SS or M37421 P-001SS, RAM area for the 
stack: 

M37421 M6-XXXSP addresses 01 00 16 ~01 7F 16 

M37421 P-000SS or 

M37421P-001SS addresses 0100 16 ~023F 16 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s 
Output transistors cut-off 


-0.3-7 


V 


v P 


Pulldown input voltage 


Vcc-40-Vcc+0. 3 


V 


V, 


Input voltage, P2 0 ~P2 7 , P3 0 ~P3 2l P3 4 ~P3 7> 
CNVss, P5 2 /INT 2 , P53/INT! 


-0. 3—13 


V 


v, 


Input voltage, RESET, X, N , X C in 


-0. 3—7 


V 


V, 


Input voltage, P3 3 , P6 0 ~P6 5 


-0. 3— Vcc+0. 3 


V 


v, 


Input voltage, P5 4 ~P5 7 


-0.3-13 


V 


Vo 


Output voltage, P2 0 ~P2 7 , P3 0 ~P3 2 , P3 4 ~P3 7 


-0. 3—13 


V 


V 0 


Output voltage, P6 0 ~P6 5 , X 0 ut, X C out. <t>, P3 3 


-0. 3— Vcc+0. 3 


V 


Vo 


Output voltage, P0 0 ~P0 7 , P1 0 ~P1 7 , P4 0 ~P4 7 , P5 0 , P5i 


Vcc-40- Vcc+0. 3 


V 


•Pd 


Power dissipation 


T a = 25°C 


1000 


mW 


T opr 


Operating temperature 




-10-70 


°C 


Tstg 


Storage temperature 




-40—125 


°C 



RECOMMENDED OPERATING CONDITIONS (V CC =5V±5%, T a =-10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.-75 


5 


5. 25 




v P 


Pull-down supply voltage 


Vcc-38 




Vcc 


V 


V ss 


Supply voltage 




0 




V 


V, H 


"H" input voltage P2 0 ~P2 7 , P3 0 ~P3 7 , CNV ss (Note 1 ) 
P5 2 /INT 2 , P53/INTL P6 0 ~P6 5 


0. 75V CC 




Vcc 


V 


V,H 


"H" input voltage RESET, X| N , X C in 


0. 8V CC 




V C c 


V 


V, H 


"H" input voltage P5 4 ~P5 7 


0. 4V CC 




Vcc 


V 


V,l 


"L" input voltage P2 0 ~P2 7 , P3 0 ~P3 7 , CNV S s, 
>5 2 /INT 2 , P53/INT!, P6 0 ~P6 5 


0 




0. 25V CC 


V 


V,L 


"L" input voltage RESET 


0 




0.1 2 Vcc 


V 


v IL 


"L" input voltage Xin, Xcin 


0 




0.16V CC 


V 


V,u 


"L" input voltage P5 4 ~P5 7 


0 




0.12V CC 


V 


loH(sum) 


"H" sum output current P0 0 ~P0 7 , P1 0 ~P17. P4 0 ~P4 7 , 
P5 0 , P5! 






-120 


mA 


'oH(sum) 


"H" sum output current P6 0 ~P6s 






-5 


mA 


'oL(sum) 


"L" sum output current P2 0 ~P2 7> P3 0 ~P3 7 , P6 0 ~P6 5 






50 


mA 


'oH(peak) 


"H" peak output current POo~P0 4 






-40 


mA 


'oH(peak) 


"H" peak output current P0 5 ~P0 7 , P1 0 ~P17 






-30 


mA 


'oH(peak) 


"H" peak output current P4 0 ~P4 7 , P5 0 , P5i 






-24 


mA 


'oH(peak) 


"H" peak output current P6o~P6 5 






-3 


mA 


loL(peak) 


"L" peak output current P2 0 ~P2 7) P3 0 ~P3 7 






15 


mA 


'oL(peak) 


"L" peak output current P6 0 ~P6 5 






3 


mA 


'oH(avg) 


"H" average output current POo~P0 7 , P1 0 ~P17 






-18 


mA 


•oH(avg) 


"H" average output current P4 0 ~P4 7 , P5 0 , P5i 






—12 


mA 


•oH(avg) 


"H" average output current P6 0 ~P6s 






-1.5 


mA 


'oL(avg) 


"L" average output current P2 0 ~P2 7 , P3 0 ~P3 7 






10 


mA 


'oL(avq) 


"L" average output current P6o~P6s 






1.5 


mA 


f(P3 2 /CNTR) 


Timer 3 counter clock input 
oscillation frequency (Note 2) 


f(X tN )=4.2MHz 






250 


kHz 


f(X C i N )=32kHz 






50 


f(x IN ) 


Clock input oscillating frequency (Note 2, 3, 5 ) 






4.2 


MHz 


f(X c , N ) 


Clock oscillating frequency for clock function 




32. 768 


50 


kHz 



Note 1 : High-level input voltage of up to +12V may be applied to permissible for ports P2 0 ~P2 7 , P3 0 ~ 
P3 2 , P3 4 ~P3 7 , CNVss, and P5 2 ~P5 7 

2 : Oscillation frequency is at 50% duty cycle 

3 When used in the low-speed mode, the timer clock input frequency should be f(X, N ) < f(X, N )/3 

4 ' When external clock input is used, the timer clock input frequency should be f(X C iN) ^ 50kHz 

5 I The average output current loL(avg) and 'oH(avg) are In penod of 100ms. 
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ELECTRICAL CHARACTERISTICS (Vcc = 5V±5%, V ss = OV, T a = 25°C, f(X, N ) = 4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max. 


VoH 


"H" output voltage P6 0 ~P6 5 


I O h=-0- 5mA 


Vcc-0.4 






V 


VoH 


"H" output voltage <(> 


l OH =-2. 5mA 


Vcc-2 






V 


VOH 


"H" output voltage P0 0 ~P0 7 , P1 0 ~P1 7 


| 0H =— 18mA 


Vcc-2 






V 


VOH 


"H" output voltage P4 0 ~P4 7 , P5 0 , P5^ 


l 0L =-12mA 


Vcc-2 






V 


Vol 


"L" output voltage P2 0 ~P2 7 , P3 0 ~P3 7 


l OL =1QmA 






2 


V 


Vol 


"L" output voltage P6 0 ~P6 5 


I O l=0. 5mA 






0.4 


V 


Vol 


"L" output voltage <t> 


l 0L =2. 5mA 






2 


V 


V T +-V T _ 


Hysteresis P5 2 /INT 2 , P5 3 /INT 1 




0.3 




1 


V 


V T +-V T _ 


Hysteresis RESET 






0.5 


0.7 


V 


V T +-V T - 


Hysteresis P36 


When used as CLK input 


0.3 




1 


V 


V T +-V T _ 


Hysteresis X| N 




0. 1 




0.5 


V 


IlL 


"L" input current P2 0 ~P2 7 , P3 0 ~P3 7 


V,=0V 






-5 


juA 


IlL 


"L" input current P6 0 ~P6 5 


V,=0V 






-5 


A/A 


I.L 


"L" input current P54~P5 7 


V,=0V 






—5 


A/A 


IlL 


"L" input current RESET, X| N , X C in 


V,=0V 






—5 


//A 


I.L 


"L" input current P5 2 /INT 2 , PSs/INTt 


V,=0V 






—5 


//A 


I.H 


"H" input current 


P2 0 ~P2 7 , P3 0 ~P3 7 


V,=5V 






5 


//A 


P2 0 ~P2 7 , P3 0 ~P3 2> P3 4 ~P3 7 


V,=12V 






12 


llH 


"H" input current P6 0 ~P6 5 


V,=5V 






5 


//A 


llH 


"H" input current P5 4 ~P5 7 


V,=5V 






5 


A/A 


llH 


"H" input current RESET, Xin, Xcn 


V,=5V 






5 


A/A 


I.H 


"H" input current P5 2 /INT 2 , PSs/INTt 


V,=5V 






5 


A/A 


V,=12V 






12 


'load 


Output load current P0 0 ~P0 7 , P1 0 ~P1 7 , P4 0 ~P4 7l 
P5 0 , P5i 


Vp=V C c-36V, V 0L =Vcc 


150 


500 


900 


A/A 


Leak 


Output leak current P0 0 ~P0 7 , P1 0 ~P1 7 , P4 0 ~P4 7) 
P5 0 , P5! 


Vp=V cc -38V, Vol=V C c-38V 






30 


A/A 


Vram 


RAM retention voltage 


at clock stop 


2 




5.5 


V 


Ice 


Supply current 


Output pins open (output OFF) 
Vp=Vcc. V P = V S s Input and 1/0 pins all at V S s 
X| N =4MHz (system operation) 




6 


12 


mA 




X!=4MHz ceramic resonator 

X^^ 768kHz quartz crystal 

C 1 =C2=30pF resonator 

R^IMO 

C 3 =10pF 

C 4 =30pF 

R 2 =10Mfl 

R 2 =100kn 

Output pins are open 



Fig. 3 Supply current test circuit 
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DESCRIPTION 

The M37120E6-XXXFP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
80-pin plastic molded QFP. The features of this chip are 
similar to those of the M37120M6-XXXFP except that this 
chip has a 12288 bytes PROM built in. This single-chip 
microcomputer is useful for appliance controllers. 
In addition to its simple instruction sets, the PROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose PROM 
writers can be used for the built-in PROM, this chip is suit- 
able for small quantity production runs. 

FEATURES 

• Number of basic instructions 71 

• Memory size PROM 12288 bytes 

RAM 256 bytes 

• Instruction execution time 

1^s(minimum instructions at 4MHz frequency) 

• Single power supply 

f(X IN )=4MHz; 5V±10% 

• Power dissipation 

normal operation mode (at 4MHz frequency) 
75mW 

• Subroutine nesting 128 levels (Max.) 

• Interrupt 14 types, 14 vectors 

• 8-bit timer 4 

• Programmable I/O ports 

(Ports PO, P1, P2, P3, P4) 40 

• Input ports ( Ports P6, P7) 12 

• Serial I/O (8-bit) 2 

• A-D converter (8-bit resolution) 8 channels 

• D-A converter (8-bit resolution) 6 channels 

• Watchdog timer 

• 72-character on screen display function 

Number of character 24 characters X3 lines 

Kinds of character 126 

• Two clock generating circuits 

(One is for main clock, the other is for clock function) 

• PROM (equivalent to the M5L27256) 

program voltage 1 2.5V 



PIN CONFIGURATION (TOP VIEW) 



3 2 ^ o o cm t~ 
< < & 8 8 £ £ w 
QQ><<I>>>OOCCO£ 



t i ii t i t r t t t 



D-A OU T3 


*-E 


D"AoUT2 


*~ e 


D-Aoun 


IT 


D-Aouto 


«-E 


P7 3 /AN 7 


-*n 


P7 2 /AN 6 


—II 


PVANg 


-E 


P7 0 /AN 4 


— ►E 


P6 7 /AN 3 


-E 


P6 6 /AN 2 




P65/AN1 




P64/AN0 


-*n 


P63/INT3 


-E 


P6 2 /INT 2 


-[14 


P^/INT! 


-01 


P6q/INTq 


-[l6 


P4 7 /SrdY2 




P4 6 /ScLK2 


-01 


P4 5 /SoUT2 


-CI 


P4 4 /S,N2 


~n 


P4 3 /Srdyi 


♦♦m 


P4 2 /S CL K1 


-[I 


PVS0UT1 


-i 


P4 0 /S, N1 





o 



O 



2 

CO 

-J 

ro 
o 
m 
o> 

X 
X 
X 



-I o 



1 1 1 it 1 1 mum 

Z I- W I— Zt-WNtDlOTtCOCNi-O 

5 3-4? LJ y ^WQQCQOQIDCQCQCQCQ 



Outline 80P6N 



64]- 



53- 

50]- 
49] — 
48]- 
47]- 
46] — 
45]- 
44] — 
43]- 
42j — 



P3 0 /OUT2 
P3i 
P3 2 
P3 3 
P3 4 /CNTR 
P3 5 
P3 6 
P3 7 /SYNC 
PO0/AD0 
PO^AD, 
P0 2 /AD 2 
P0 3 /AD 3 
PO4/AD4 
P0 5 /AD 5 
P0 6 /AD 6 
P0 7 /AD 7 
P1 0 /AD S 

P^/ADg 

P1 2 /AD 10 
P1 3 /ADn 
P1 4 /AD 12 
P1 5 /AD 13 
P1 6 /AD 14 
PVAD 15 



APPLICATION 

TV, VCR 
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Hsync Vsync OSC2 OSC1 RGB 

-— ® ®~ 



Clock 
Clock outP^ 
input for ,or 

clock clock dock clock Timing 
function function input output outpu* 
XciN ^COUT X|n XouT 




V ' v " - ' 

Reference D " A out P ut ln P ut 
voltage input P° rt P7 



Input port P6 



I/O port P4 



I/O port P3 



I/O port P2 



I/O port P1 



I/O port PO 
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FUNCTIONS OF M37120E6-XXXFP 



Parameters 


Functions 


Number of basic instructions 


71 


Instruction execution tifne 


1/us (minimum instructions, at 4MHz of frequency) 


Clock frequency 


4MHz 


Memory size 


PROM 


12288bytes 


RAM 


256bytes 


Input/Output port 


PO, P1, P2, P3 


I/O 


8-bitX4 


P4 


I/O 


8-bitX1 (N-channel open drain output) 


P6 


Input 


8-bitX1 


P7 


Input 


4-bitX1 


I, B, G, R, OUT1 


Output 


1-bitX5(for CRT display function) 


VsYNC, H S YNC 


Input 


1-bitX2(for CRT display function) 


D- Aquto~ D-AquT5 


Output 


1-bitX6 


Serial I/O 


8-bitX2 


Timers 


8-bit timerX4 


Subrotine nesting 


128(max) 


Interrupt 


Four external Interrupts, nine internal interrupts, one software interrupt 


Clock generating circuit 


Two built-in circuits (ceramic or quartz crystal oscillator) 


Supply voltage 


5V±10% 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate 


Package 


80-pin plastic molded QFP 


CRT display function 


Number of character 


24 charactersX3 lines 


Kinds of character 


126(12X16 dots) 



A 
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PIN DESCRIPTION 









Input/ 
Output 


Functions 


Vcc, 
Vss 


Single-chip 
/EPROM 


Power supply 




Supply 5V±10% to V cc and OV to V ss 


AVcc. 
AV SS 


Single-chip 


Analog power supply 




Power supply input for A-D and D-A converters 


EPROM 


Analog power supply 




Connect to AV C c to Vcc and AV S s to V S s 


CNV SS / 
Vpp 


Single-chip 


CNVss input 


Input 


Connect to V S s. 


EPROM 


Vpp input 


Input 


Connect to V P p when programming or venting 


Vref 


Single-chip 


Reference voltage input 


Input 


Reference voltage input for A-D and D-A converters 


EPROM 


Reference voltage input 


Input 


Connect to V S s 


RESET 


Single-chip 


Reset input 


Input 


To reset, keep this input terminal low for more than 2/us (mm) under normal V C c 
conditions If more time is needed for the crystal oscillator to stabilize, this "L" con- 
dition should be maintained for the required time 


EPROM 


Reset input 


Input 


Connect to OV 




Single-chip 


Clock input 


Input 


These are I/O pins of internal clock generating circuit for mam clock To control 
generating frequency, an external ceramic or a quartz crystal oscillator is connected 
between the X| N and X 0 ut pms If an external clock is used, the clock source should 
be connected the X| N pin and the X 0 ut pm should be left open 


XoUT 


Clock output 


Output 




EPROM 


Clock input 


Input 


Connect to V C c 


Xc-UT 


Clock output 


Output 


Open. 


XciN 


Single-chip 


Clock input for 
clock function 


Input 


This is the I/O pins of the clock generating circuit for the clock function 


XcOUT 


Clock output for 
clock function 


Output 


XciN 


EPROM 


Clock input for 
clock function 


Input 


Connect to V C c- 


XcOUT 


Clock output for 
clock function 


Output 


Open. 




Single-chip 


Timing output 


Output 


The function of this pin can be selected either timing output or resetout output 


EPROM 


Timing output 


Output 


Open 


D-Aouto 
S 

D-A 0 UT5 


Single-chip 


D-A output 


Output 


Analog signal from D-A converter is output 


EPROM 


D-A output 


Output 


Open | 


P0 o ~P0 7 


Single-chip 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be indi- 
vidually programmed as input or output At reset, this port is set to input mode The 
output structure is CMOS output 


EPROM 


Address input Aq~A 7 


Input 


PO works as the lower 8 bit address input (A 0 ~A 7 ) 
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PIN DESCRIPTION (Continued) 



Pin 


Mode 


Name 


Input/ 
Output 


Functions 


P1 0 ~P1 7 


Single-chip 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO 


EPROM 


Address input As~Ai3 


Input 


P1o~P16 works as the higher 6 bit address inputs (A 8 ~Ai 4 ). 

Connect to P1 7 to V C c when the microcomputer accesses to program ROM 

Connect to P1 7 to V S s when the microcomputer accesses to OSD ROM 


P2 0 ~P2 7 


Single-chip 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same function as port PO 


EPROM 


Data input/ 
output D 0 ~D 7 


I/O 


Port P2 works as an 8 bit data bus (D 0 ~D 7 ) 


P3 0 ~P3 7 


Single-chip 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO. 

Port P3o is in common with CRT input pin and P34 is in common with counter input 

pin 


EPROM 


Select mode 


Input 


P3 3l P3 4 work as CE and OE, respectively Connect to P3o~P32 and P3 5 ~P3 7 to 
Vcc- 


P4 0 ~P4 7 


Single-chip 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port and has basically the same functions as port PO, but the 
output structure is N-channel open drain 


EPROM 


Input port P4 


Input 


Connect to V S s 


P6 0 ~P6 7 


Single-chip 


Input port P6 


Input 


Port P6 is an 8-bit input port P6 0 ~P6 3 are in common with interrupt input pins and 
P6 4 ~P6 7 are in common with analog input pins 


EPROM 


Input port P6 


Input 


Connect to V S s 


P7 0 ~P7 3 


Single-chip 


Input port P7 


Input 


This port is an 4-bit input port and is in common with analog input pins 


EPROM 


Input port P7 


Input 


Connect to V S s 


OSC1 


Single-chip 


Clock input for CRT 
display 


Input 


This is the input pin of the clock generating circuit for the CRT display function 


EPROM 


Input 


Connect to V C c 


OSC2 


Single-chip 


Clock output for CRT 
display 


Output 


This is the output pin of the clock generating circuit for the CRT display function 


EPROM 


Output 


Open 


HsYNC 


Single-chip 


Hsync input 


Input 


This is the horizontal synchronizing signal input for CRT display 


EPROM 


Hsync input 


Input 


Connect to V S s 


VsYNC 


Single-chip 


Vsync input 


Input 


This is the vertical synchronizing signal input for CRT display 


EPROM 


Vsync input 


Input 


Connect to V S s 


R, G, B, 
I, OUT1 


Single-chip 


CRT output 


Output 


This is an 5-bit output pin for CRT display 


EPROM 


CRT output 


Output 


Open 
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EPROM MODE 

The M37120E6-XXXFP features an EPROM mode in addi- 
tion to its normal modes. When the RESET signal level is 
low ("L"), the chip automatically enters the EPROM mode. 
Table 1 list the correspondence between pins and Figure 1 
gives the pin connections in the EPROM mode. When in 
the EPROM mode, ports PO, P1, P2, P3 3) P3 4 and CNV SS 
are used for the PROM (equivalent to the M5L27256) . 
When in this mpde, the built-in PROM can be written to or 
read from using these pins in the same way as with the 
M5L27256. 



Table 1. Pin function in EPROM mode 





M37120E6-XXXFP 


M5L27256 


Vcc 


Vcc 


Vcc 


Vpp 


CNVss/Vpp 


Vpp 


V SS 


Vss 


V ss 


Address input 


Ports PO, P1 


A 0 ~A 14 


Data I/O 


Port P2 


Do— D 7 


CE 


P3 3 /CE 


CE 


OE 


P3 4 /OE 


OE 



Vcc 

-e- 



D"A 0 UT3 < 
D-A 0 UT2 

D-Aou-n « 
D-Aquto « 
— P7 3 /AN 7 - 
— P7 2 /AN 6 - 
— PVANg- 
— P7 0 /AN 4 - 
— P67/AN3 - 
— P6 6 /AN 2 - 
— P6 5 /M4i - 
— P64/AN0 - 
— P63/INT3- 
— P6 2 /INT 2 - 
— PBi/INT, - 
— P6 q/INT 0 - 
-P4 7 /Sr DY2 "* 

-P4 6 /S C LK2 "* 
-P4 5 /S 0 UT2 "* 

— P4 4 /S| N2 « 
-PVSrdyi* 

~P4 2 /S C LK1 * 
-PVSoUTI * 

— PVS, N1 * 



V C c 



QQX<X>>>00 QCC3CQ-.0 
t t 1 U t 1 t t t t t 



t i t I t t 1 UIIHH 



Z h O -9- 
77 D CO 



t 



W X y °>QQQQQQOQ 

C^CMCNCNfcNCNCMCN 
Q.Q.Q.Q.Q. 0LQ.CL 



d @J®|® 
© <$ <$ © 



MAIN 
OSD 




v ss O : Same functions as M5L27256 



Fig.1 Pin connection in EPROM mode 



3-421 



MITSUBISHI MICROCOMPUTERS 

M37120E6-XXXFP 



PROM VERSION of M37120M6-XXXFP 



PROM READING AND WRITING 
Reading 

To read the PROM, set the CE and OE pins to a "L" level. 
Input the address of the data (A 0 ~A 14 ) to be read and the 
data will be output to the I/O pins D 0 ~D 7 . The data I/O 
pins will be floating when the OE pin is in the "H" state. 

Writing 

To write to the PROM, set the OE pin to a "H" level. The 
CPU will enter the program mode when V PP is applied to 
the Vp P pin. The address to be written to is selected with 
pins A 0 ~A 14 , and the data to be written is input to pins D 0 
~D 7 . Set the CE pin to a "L" level to begin writing. 



NOTES ON HANDLING 

(1) Since a high voltage (12.5V) is used to write data, care 
should be taken when turning on the PROM writer's 
power. 

(2) For the programmable microcomputer (shipped in 
blank or OTP type) , Mitsubishi does not perform 
PROM write test and screening in the assembly pro- 
cess and following processes. To improve reliability af- 
ter write, performing write and test according to the 
flow below before use is recommended. 



Writing with PROM writer 



Screening (Note) (Leave at 150°C for 40 hours) 



Verify test with PROM writer 



Function check in target device 



Table 2. I/O signal in each mode 



Note '. Since the screening temperature is higher than 
storage temperature, never expose to 150°C ex- 
ceeding 100 hours. 



Pin 

Mode — — . 


CE(61) 


OE(60) 


V PP (27) 


V cc (72) 


Data I/O 
(33-40, 42-56) 


Read-out 


V, L 


V, L 


5V 


5V 


Output 


Output disable 


V, L 


V, H 


5V 


5V 


Floating 


V,H 


X 


5V 


5V 


Floating 


Programming 


V,l 


V, H 


12.5V 


6V 


Input 


Programming verify 


V,h 


V, L 


12. 5 V 


6V 


Output 


Program disable 


V IH 


V, H 


12. 5 V 


6V 


Floating 



1 . v ||_ a i ikj v | H inun,aic a i_ aim i 

2 ! An X indicates either V| L or V !H 
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DESCRIPTION 

The M37410E6HFS, M3741 0E6HXXXFP are single-chip 
microcomputers designed with CMOS silicon gate technol- 
ogy. M3741 0E6HXXXFP is housed in a 80-pin shrink plastic 
molded QFP. M37410E6HFS is housed in a 80-pin ceramic 
QFP. The features of M3741 0E6HXXXFP are similar to 
those of the M3741 0M4HXXXFP except that this chip has a 
12288 bytes PROM built in. This single-chip microcomputer 
is useful for home electrical appliances and consumer ap- 
pliance controllers. 

In addition to its simple instruction sets, the PROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose PROM 
writers can be used for the built-in PROM, this chip is suit- 
able for small quantity production runs. 
The M37410E6HFS are the window type. The differences 
between the M3741 0E6HXXXFP and the M37410E6HFS are 
the package outline and the power dissipation ability 
(absolute maximum ratings). 

FEATURES 

• Number of basic instructions 69 

• Memory size PROM 12288 bytes 

RAM 256 bytes 

• Instruction execution time (minimum instructions) 

at high-speed mode 1/^s 

at low-speed mode 4/iS 

• Single power supply 

M3741 0E6HXXXFP 2.5-5.5V 

M37410E6HFS 4.5-5.5V 

• Power dissipation 

normal operation mode (at 8MHz frequency) 

30mW (V CC =5V, Typ.) 

low-speed operation mode (at 32kHz frequency for 
clock function) 54/iW(V cc =3V, Typ.) 

• RAM retention voltage (stop mode) 

2.0V^V RAM ^5.5V 

• Subroutine nesting 96 levels (Max.) 

• Interrupt 10 types, 5 vectors 

• 8-bit timer 4 

• 16-bit timer 1 (Two 8-bit timers make one set) 

• Programmable I/O ports 

(Ports P0, P1, P2, P3, P5) 40 

• Input port (Port P4) 4 

• Serial I/O (8-bit) 1 

• A-D converter 8-bit, 8-channel 

• LCD controller/driver (1/2, 1/3 bias, 1/2, 1/3, 1/4 duty) 

segment output 24 

common output 4 

• Two clock generating circuits 

(One is for main clock, the other is for clock function) 

• PROM (equivalent to the M5L27128) 

program voltage 21V 



PIN CONFIGURATION (TOP VIEW) 



2 1| 2 £2 2 



SEG 19 /IN 4 « 
SEG 20 /IN 3 < 
SEG 21 /IN 2 - 
SEGza/IN, - 
SEG 23 /IN 0 < 
AVss 
Vref " 
V CC 

P5 7 /PWM3 • 
P5 6 /PWM2 - 
P5 5 /PWM1 • 
P5 4 /PWM0- 
P5 3 /SIG - 
P5 2 /CNT 2 /CE - 
PSj/CN T^OE - 
P5 0 /INT 3 /PGM • 

P3 7 /Srdy ' 

PVCLK • 
P35/S0UT ' 
P3 4 /S IN ■ 



uJUJUJUJujujiiiiiJuJuiuiujaiuJUJUJUJUJLuO 
WWCOWWWOTWWWWWWWWWCOWWO 

1 1 1 1 1 1 1 1 1 1 1 1 1 tt t tt 1 1 

[ioll^[^|7^[^[^(73l[^^ 



o 



o 



2 

CO 



o> 

I 
X 
X 
X 



o 



5]- 


COM 2 


E- 


COM, 


5]- 


COM 0 


E*- 


V L i 




v L2 


HI- 


v L3 


ED ** 


P2 0 /D 0 


5]~ 


P2 1 /D 1 


E~ 


P2 2 /D 2 


ID- 


P2 3 /D 3 


5]~ 


P2 4 /D 4 




P2 5 /D 5 




P2 6 /D 6 


m~ 


P2 7 /D 7 


«\~ 


P0 0 /Ao 


u- 


PC/A, 




P0 2 /A 2 




PO3/A3 


§]~ 


P0 4 /A 4 




P0 5 /A 5 



1 1 t t t t t 



||29|l30|l3l||32||33l|34||35||36|l37l|38|l39l|40r 
I 1111111111 



SEG 17 /IN 6 « 
SEG 18 /IN 5 « 
SEG 19 /IN 4 « 
SEG 20 /IN 3 * 
SEG 21 /IN 2 * 
SEG^/IN, * 
SEG 23 /IN 0 * 
AVss 



P5 7 /PWM3 * 
P5 6 /PWM2 * 
P5 5 /PWM1 * 
P5 4 /PWM0 * 
P5 3 /SIG * 
P5 2 /CNT 2 /CE> 
PS^CNTi/OE* 
P5 0 /INT 3 /PGM ♦ 
P3 7 /Srdy * 
P3 6 /CLK* 
P3 5 /Sout* 
P3 4 /S 1N ♦ 
P3 3 /T * 
P3 2 /INT 2 * 



Outline 80P6S (OTP) 



(5(300(50000(5000000 

11JUJUJUJUJUJUJLUUJIUUJUJUJUJUJUJ 

t t t t \ t t t t t t T t t t 

RRRFlRR|R[Hl[7l|R|i||Sl|iil|i7l|i1[ii| 




EliaE3HHl39ll2!Jteltell2!ltelksltelNfe2lH 

m 1 1 4 ilium 



Outline 80S6 (Window) 



APPLICATION 

Audio-visual equipment 
Remote control 
Camera 
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M3741 0E6HXXXFP BLOCK DIAGRAM 

Clock input Clock output Interrupt input Reset input 



Reference voltage 
input 

V ss AV SS V REF CNV S: 



I/O port P5 




Segment output (24) Common Power 
SEG output supply 

COM for LCD 



I/O port P3 



I/O port P2 



I/O port P1 



I/O port PO 
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FUNCTIONS OF M3741 0E6HXXXFP 



Parameters 


Functions 


Number of basic instructions 


69 


Instruction execution time 


1/is (minimum instructions, at 8MHz of frequency) 


Clock frequency 


8MHz 


Memory size 


PROM 


izzooDyies ^.iNOie i ) 


RAM 


^oocytes 


RAM for display LCD 


i ^Dytes 


Input/Output port 


PO, P1 , P2, P3, P5 


I/O 


8-bitX5 


P4 


Input 


4-bitX1 (Port P4 are in common with SEG) 


SEG 


LCD output 


24-bitX1 


COM 


LCD output 


4-bitX 1 


Serial I/O 




Timers 


R-hit tim**r'X4 


16-bit timerXI (combination of two 8-bit timers) 


LCD controller/driver 


Bias 


1/2, 1/3 bias selectable 


Duty ratio 


1/2, 1/3, 1/4 duty selectable 


Common output 


4 


Segment output 


24(SEG 12 ~SEG 2 3 are in common with port P4 and analog input pins) 


Subrotine nesting 


96(max) 


Interrupt 


Three external Interrupts, three timer interrupts (or two timer, one serial I/O) 


Clock generating circuit 


Two built-in circuits (ceramic or quartz crystal oscillator) 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate 


Package 


80-pin plastic molded QFP 



Note 1 : The PROM programming voltage is 21V (equivalent to the M5L27128) 



A 



3-425 



MITSUBISHI MICROCOMPUTERS 

M37410E6HXXXFP 
M37410E6HFS 



PROM VERSION of M37410M3HXXXFP.M37410M4HXXXFP.M37410M6HXXXFP 



PIN DESCRIPTION 



Pin 


Mode 


Name 


Input/ 
Output 


Functions 


Vcc, 
Vss 


Single-chip 
/EPROM 


Power supply 




Supply 5V±5% to Vcc and OV to V ss 


CNV SS / 
Vpp 


Single-chip 


CNV S s 




Connect to V S s- 


EPROM 


Vpp input 


Input 


Connect to V PP when programming or venting 


RESET 


Single-chip 


Reset input 


Input 


To reset, keep this input terminal low for more than 16//S (mm) under normal Vcc 
conditions If more time is needed for the crystal oscillator to stabilize, this'"L" con- 
dition should be maintained for the required time 


EPROM 


Reset input 


Connect to OV. 


X|N 


Single-chip 
/EPROM 


Clock input 


Input 


These are I/O pins of internal clock generating circuit for main clock To control 
generating frequency, an external ceramic or a quartz crystal oscillator is connected 
between the X| N and Xout pms If an external clock is used, the clock source should 
be connected the Xin pin and the Xout pin should be left open 


XoUT 


Clock output 


Output 


INTt 


Single-chip 


Interrupt input 


Input 


This is the highest order interrupt input pin 


EPROM 


Interrupt input 


Input 


Connect to OV 


P0 0 ~P0 7 


Single-chip 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be indi- 
vidually programmed as input or output. At reset, this port is set to input mode The 
output structure is CMOS output 


EPROM 


Address input A 0 ~A 7 


Input 


PO works as the lower 8 bit address input (A 0 ~A 7 ). 


P1o~P1 7 


Single-chip 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO 
The output structure is N-channel open drain.' 


EPROM 


Address input A 8 ~A 13 


Input 


P1o~P15 works as the higher 6 bit address inputs (A 8 ~A 13 ) 
Connect P1 6 ~P1 7 to V C c 


P2 0 ~P2 7 


Single-chip 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same function as port PO 
Also all bits are for key on wake up input pins. 


EPROM 


Data input/ 
output D 0 ~D 7 


I/O 


Port P2 works as an 8 bit data bus (D 0 ~D 7 ) 


P3 0 ~P3 7 


Single-chip 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO 
When serial I/O is used, P3 7 , P3 6 , P3 5 and P3 4 work as S RD y. CLK, Sout. and S, N 
pins, respectively Also P3 3 , P32, PZ^, and P3o work as timer 4 overflow signal di- 
vided by 2 output pin (T), INT 2 pin, X C in and Xcout P'ns, respectively 


EPROM 


Input port P3 


Input 


Connect to OV 


SEG 12 /P4 3 
J 

SEG 15 /P4 0 


Single-chip 


Segment output 
/input port P4 


Output 
/Input 


SEGi2~SEGi 5 are segment output pins 
Also these work as input port P4 by 2-bit unit 


EPROM 


Input port P4 


Input 


Connect to V C c 


P5 0 ~P5 7 


Single-chip 


I/O port P5 


I/O 


Port P5 is an 8-bit I/O port and has basically the same function as P1. P5o, P5i, P52 
and P5 3 are in common with INT 3 , timer3 input, timer5 input and A-D trigger input, 
respectively 


EPROM 


Select mode 


Input 


P5 2 , P5 t , P5 0 work as CE, OE and PGM, respectively Connect to P5 5 ~P5 7 to OV, 
and P5 3 ~P5 4 to V C c- 
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PIN DESCRIPTION (Continued) 



Pin 


Mode 


Name 


Input/ 
Output 


Functions 


v L1 ~v U3 


Single-chip 


Voltage input for LCD 


Input 


These are voltage input pins for LCD Supply voltage as 0V^Vu^V L 2^V L 3^Vcc 
0~V L3 V is supplied to LCD 


EPROM 


Voltage input for LCD 


Input 


Connect to V C c 


COM 0 ~ 
COM 3 


Single-chip 


Common output 


Output 


These are LCD common output pins. 


EPROM 


Common output 


Output 


Connect to V C c 


SEG 0 ~ 
SEGu 


Single-chip 


Segment output 


Output 


These are LCD segment output pins 


EPROM 


Segment output 


Output 


Connect to V C c 


SEG 16 /IN 7 
S 

SEG23/IN0 


Single-chip 


Segment output 
/analog input 


I/O 


SEG!6~SEG23 work as analog input pins IN7 — IN 0 

SEG 16 ~SEG 19 are used by 2-bit unit and SEG 2 o~SEG 2 3 by 4-bit unit 


EPROM 


Analog input 


Input 


Connect to Vcc 


AVss 


Single-chip 


Analog voltage input 


Input 


GND input pin for the A-D converter 


EPROM 


Analog voltage input 


Input 


Connect to V S s 


V REF 


Single-chip 


Reference voltage 
input 


Input 


Referrence input pin for A-D converter. 


EPROM 


Reference voltage 
input 


Input 


Connect to V C c 



A 
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EPROM MODE 

The M3741 0E6HXXXFP, M37410E6HFS feature an EPROM 
mode in addition to its normal modes. When the RESET 
signal level is low ("L"), the chip automatically enters the 
EPROM mode. Table 1 list the correspondence between 
pins and Figure 1, Figure 2 give the pin connections in the 
EPROM mode. When in the EPROM mode, ports PO, P1, 
P2, P5 0 ~ P5 2 , and CNV SS are used for the PROM 
(equivalent to the M5L27128) . When in this mode, the 
built-in PROM can be written to or read from using these 
pins in the same way as with the M5L27128. The oscillator 
should be connected to the X| N and Xqut pins, or external 
clock should be connected to the X iN pin. 



Table 1. Pin function in EPROM mode 





M3741 0E6HXXXFP, 
M37410E6HFS 


M5L27128 


V CC 


Vcc 


Vcc 


Vpp 


CNVss/V P p 


Vpp 


Vss 


Vss 


V SS 


Address input 


Ports PO, P1 0 ~P1 5 


A 0 ~A 13 


Data I/O 


Port P2 


D 0 ~D 7 


CE 


P5 2 /CE 


CE 


OE 


P5T/OE 


OE 


PGM 


P5 0 /PGM 


PGM 



-SEG 19 /IN 4 - 
-SEG 20 /IN 3 -- 
-SEG 2 i/IN 2 - 

-SEG22/IN! - 

-SEG 23 /IN 0 - 
AV SS 



~P5 7 /PWM3- 
-P5 6 /PWM2< 

- P5 5 /PWM1 - 

- P5 4 /PWM0 - 

- P5 3 /SIG - 



(ce) P5 2 /CNT 2 /CE < 

<® PSt/CNTi/OE < 

<® P5 0 /INT 3 / PGM < 

P37/Sroy " 

P3 6 /CLK « 

P3 5 /S OU T « 

P3 4 /S, N * 



(I 

[I 
»\± 
► Do 

*■ d 

♦ 0? 



LUUJIULLIIiJIJJLULLIliJLULU LULDLLlLUWUJUJLJjO 
MWWWWWWtflMWWWWWWWWWWO 
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o 



M3741 0E6HXXX FP 



O 



n n t t ti mm 
c*£x S£ <Sx s I>ee <<<< 

°- ^ ^- x 

Q. Q. CO 



O C 4 

E as : 



O o 




O : Same functions as M5L27128 



Fig.1 Pin connection in EPROM mode 
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OCDOOOOOOOOOOOOOO 

LULUlllUJ LULULU LLILLIlil LLI LU LU UUUJULI 
(OMWW CO CO CO C/) CO (/) CO CO (/) CO CO CO 

ttTtTTTTttttttt 



-e- 



SEG 17 /IN 6 

SEG 18 /IN 5 

SEG 19 /IN 4 ' 

SEG 20 /IN 3 

SEG 21 /IN 2 

SEG^/IN^ 

SEG 23 /IN 0 

(vs§) AV SS 

V REF 

<© V cc 

P5 7 /PWM3 

P5 6 /PWM2 

P5 5 /PWM1 

P5 4 /PWM0 

P5 3 /SIG 



Cce)— P5 2 /CNT 2 /CE 

(°D — ps^cnt voe 

&- P5 0 /INT 3 / PGM 
P37/Srdy 

P3 6 /CLK 

P3 5 /S OU T 

P3 4 /S| N 

P3 3 /T 



- P3 2 /INT 2 *-* 




t t t T T 4 lUIIIlt 



Z h - QJ 



ZI-(/)r-(0<r>c\ii-O 
X 0> £L CL < < < < > 



<J \<J\<Jx<j 



TTT V S s 



O : Same functions as M5L27128 



Fig.2 Pin connection in EPROM mode 
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PROM READING, WRITING AND ERASING 
Reading 

To read the PROM, set the CE and OE pins to a "L" level, 
and the PGM pin to a "H" level. Input the address of the 
data (A 0 ~A 13 ) to be read and the data will be output to the 
I/O pins D 0 ~D 7 . The data I/O pins will be floating when 
either the CE or OE pins are in the "H" state. 

Writing 

To write to the PROM, set the CE pin to a "L" level and the 
OE pin to a "H" level. The CPU will enter the program 
mode when V PP is applied to the V PP pin. The address to 
be written to is selected with pins A 0 ~A 13 , and the data to 
be written is input to pins D 0 ~D 7 . Set the PGM pin to a "L" 
level to begin writing. 

Erasing 

Data can only erased on the M37410E6HFS ceramic pack- 
age, which includes a window. To erase data on this chip, 
use an ultraviolet light source with a 2537 Angstrom wave 
length The minimum radiation power necessary for erasing 
is 15W"S/cm 2 . 



Functional diferences from M37410M3HXXXFP or 
M37410M4HXXXFP, M37410M6HXXXFP 

(excluding characteristic differences). 





M3741 0M3HXXXFP 
M3741 0M4HXXXFP 
M3741 0M6HXXXFP 


M3741 0E6HXXXFP 
M37410E6HFS 


Port PO pull-up resistor 


Option 


Not provided 


Port P1 pull-up resistor 


Option 


Not provided 


Port P2 pull-up resistor 


Option 


Not provided 


Port P3 pulJ-up resistor 


Option 


Not provided 


Port P4 pull-up resistor 


Option 


Not provided 


Port P5 pull-up resistor 


Option 


Not provided 


Port P2 key on wake up 


Option 


Provided (all bits) 



NOTES ON HANDLING 

(1) Sunlight and fluorescent light contain wave lengths 
capable of erasing data. For ceramic package types, 
cover the transparent window with a seal (provided) 
when this chip is in use. However, this seal must not 
contact the lead pins. 



(2) Before erasing, the glass should be cleaned and stains 
such as finger prints should be removed thoroughly. If 
these stains are not removed, complete erasure of the 
data could be prevented. 

(3) Since a high voltage (21V) is used to write data, care 
should be taken when turning on the PROM writer's 
power. 

(4) Note that ports P3 0 and P3i of M3741 0E6HXXXFP or 
M37410E6HFS can not use as I/O ports when the ex- 
ternal A-D start enable bit is set to "1" (enabled). This 
is because that bit 5 of the serial I/O mode register of 
M3741 0M3HXXXFP or M3741 0M4HXXXFP, M37410M6H 
XXXFP acts differently from that of M3741 0E6HXXXFP or 
M37410E6HFS, as compared in the table. 

Bit 5 of serial I/O mode register when external A-D 
start enable bit is "1". 





Bit 5 of serial I/O mode register 


M3741 0M3HXXXFP 
M3741 0M4HXXXFP 
M3741 0M6HXXXFP 


Not affected 


M3741 0E6HXXXFP 
M37410E6HFS 


Automatically set to "1", and is fixed to "1" 
while external A-D start enable bit 
remains "1" 



(5) For the programmable microcomputer (shipped in 
blank or OTP type) , Mitsubishi does not perform 
PROM write test and screening in the assembly pro- 
cess and following processes. To improve reliability af- 
ter write, performing write and test according to the 
flow below before use is recommended. 



Writing with PROM writer 



Screening (Note) (Leave at 150°C for 40 hours) 

< > 

Verify test with PROM writer 

— . ... o- 

Function check in target device 



Note I Since the screening temperature is higher than 
storage temperature, never expose to 150°C ex- 
ceeding 100 hours. 



Table 2. I/O signal in each mode 



Pin 

Mode — — 


CE(14) 


OE(15) 


PGM(16) 


V PP (26) 


V cc (8) 


Data I/O 
(47-54) 


Read-out 


V, L 


V, L 


V, H 


Vcc 


Vcc 


Output 


Programming 


V, u 


V, H 


Pulse(V IH ^V, L ) 


V P p 


Vcc 


Input 


Programming verify 


V, L 


V IL 


V, H 


v PP 


Vcc 


Output 


Program disable 


V,H 


X 


X 


v PP 


Vcc 


Floating 



Note 1 : V| L and V !H indicate a "L" and "H" input voltage, respectively. 
2 : An X indicates either V !L or V iH 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V C c 


Supply voltage 




-0. 3~ 7 


V 


v, 


LCD supply V L i~V|_3 


V L 1<V L2 <V L3 


-0. 3-Vcc+O. 3 


V 


Vi 


Input voltage P0 0 ~P0 7 , P2 0 ~P2 7 , P3 0 , P3l P4 0 ~P4 3 , 
IN 0 ~IN 7 , Vrefi X, n 




-0. 3~V cc +0. 3 


V 


v, 


Input voltage CNV SS , (Note 1 ) 




-0. 3— 7 


V 


v, 


Input voltage JNTl RESET, P1 0 ~P17, P3 2 ~P3 7> P5 0 ~P5 7 




-0. 3—10 


V 


V 0 


Output voltage P0 0 ~P0 7 , P2 0 ~P2 7 , P3 0 , P3i, 

COM 0 ~COM 3 , SEG 0 ~SEG 23 , X 0 ut 




-0. 3~V cc +0. 3 


V 


V 0 


Output voltage P1 0 ~P17, P3 2 ~P3 7l P5 0 ~P5 7 




-0. 3—10 


V 


Pd 


Power dissipation 


T a = 25°C 


300 


mW 


Topr 


Operating temperature 




-10-70 


°C 


Tstg 


Storage temperature 




-40—125 


°C 



Note 1 : ' In PROM programming mode, CNV SS is 21.0V 



RECOMMENDED OPERATING CONDITIONS (V cc = 5 V± 5 %, T a =-10~70 o C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage (Note 1 ) 


f(X| N )=8MHz High-speed mode 


4.5 




5.5 


V 


f(X| N )=8MHz Normal mode or 
f(X, N )=2MHz High-speed mode (Note 2) 


2.5 
(Note 3) 




5.5 


Vss 


Supply voltage 






0 




V 


V, H 


"H" input voltage P0 0 ~P0 7 , P3 0 , P3i, P4 0 ~P4 3 , 
Xin. CNV ss (Note 4) 




0. 7V C c 




Vcc 


V 


V,H 


"H" input voltage P2 0 ~P2 7 




0. 8V CC 




Vcc 


V 


V, H 


"H" input voltage P1 0 ~P17, P5i~P5 7l S, N 




0. 7V CC 




10 


V 


V, H 


"H" input voltage P5 0 , INT^ INT 2 , INT 3 , P3 2 ~P3 7) 
CNTl CNT 2 , SIG, CLK 




0. 8V CC 




10 


V 


V, H 


"H" input voltage RESET, X C in 




0.85V CC 




10 


V 


V, L 


"L" input voltage P0 0 ~P0 7 , P1 0 ~P1 7 , P3 0 , P3i, 
P4 0 ~P4 3 , P5 1 ~P5 7 , Sin 




0 




0. 25V CC 


V 


V, L 


"L" input voltage P2 0 ~P2 7 , P3 2 ~P3 7 , P5 0 , INT^ INT 2 , 
INT 3 , CNTl CNT 2 , SIG, CLK 




0 




0. 2V CC 


V 


V, L 


"L" input voltage RESET, X| N , Xcin 




0 




0.15V CC 


V 


'oh 


"H" output current P0 0 ~P0 7 , P2 0 ~P2 7 , X 0U t (Note 5) 








-1 


mA 


"OL, 


"L" output current P0 0 ~P0 7) P2 0 ~P2 7 , P3 0 ~P3 7 , 

P5 0 ~P5 7 , Xout, PWM0—PWM3, T, 
Sout, CLK, S^, SIG (Note 6) 








1 


mA 


l0L 


"L" output current P1 0 ~P1 7 (Note 2)(Note 7) 


V CC =3V 






10 


mA 


V CC =5V 






20 


f(x, N ) 


Clock oscillating frequency 




0.2 




8.2 


MHz 


f(X C |N) 


Clock oscillating frequency for clock function 




30 




50 


kHz 



Note 1 : When only maintaining the RAM data, minimum value of V cc is 2V. 

2 : We say the high-speed mode, when the system clock is chosen X, N /4, and the normal mode, when the system clock is chosen X )N /16 

3: In case M37410E6HFS, 4.5V 

4 : When P3 is X C | N mode, the Imiits of V, H of P3 1 is 0. 85V C c^V| H ^V cc> O^V, l ^0. 15V cc 

5 : Total of loH(peak) of P orts P0, P2 and X OU t is less than 35mA 

6 : Total of loL(peak) of ports P0, P2, P3 and P5 is less than 32mA 

7 : Total of loL(peak) of P1 is less than 80mA 

Total of l 0 L(avg ) of P1 is less than 40mA 
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ELECTRICAL CHARACTERISTICS (T a =-10~70°C, V ss =0V, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ. 


Max. 


Vqh 


"H" output voltage P0 0 ~ P0 7 , P2 0 ~P2 7 


V CC =5V, l 0 H= -0.5mA 


4 






V 


V 0 H 


"H" output voltage X 0 ut 


Vcc-5V, l O H=-0.3mA 


4 






V 


Vol 


"L" output voltage POo~P07, P2o~P27, P3o~P37, 
P5o~P57, T, SouTi CLK, Srdy> 
SIG, PWM0~PWM3 


Vcc=5V, l 0 L=1mA 






1 


V 


Vol 


"L" output voltage P1o~P17 


Vcc == 5V, Iol— 20mA 






2 


V 


Vol 


"L" output voltage X 0 ut 


V CC =5V, l OL =0. 3mA 






1 


V 


V t +-V t - 


Hysteresis INT 1f INT 2 , INT 3 , CLK, CNT|, 
CNT 2 , SIG, Sin, P2 0 ~P2 7 , X C in 


V CC =5V 




0.7 




V 


V t +-V t - 


Hysteresis RESET 


V CC =5V 




2 




V 


v T +-v T _ 


Hysteresis X| N 


V CC =5V 




0.5 




V 


Iil 


"L" input current P0 0 ~P0 7 , P1 0 ~P17, P2 0 ~P2 7 , 

P3o~P37,.P4o~P43, P5o~P5 7 (Notel ), 
IN 0 ~IN 7 , INTl RESET, X, n 


V CC =5V 
V,=0V 






—5 


//A 


I.H 


"H" input current P0 0 ~P0 7 , P2 0 ~P2 7 , P3 0 , P3i, 
P4 0 ~P4 7 , IN 0 ~IN 7 , 
Xin. Xcin. CNVss 


V CC =5V 
V,=5V 






0 


U A 


I.H 


"H" input current P1 0 ~P1 7 , P3 0 ~P3 7 , P5 0 ~P5 7 , 
INT,, INT 2> INT 3 , CNT 1( CNT 2> 
SIG, RESET, Sin, CLK 


V|=10V 






10 


M A 


RCOM 


Output impedance COMo~COM3 


Vli=V cc /3 

V L2 =2V L1 

V L3 =Vcc 

Other COM, SEG 

pins are opened 


V CC =5V 




200 




n 


Rs 


Output impedance SEG 0 ~SEG 2 3 


V CC =5V 




2 




kO 


•cc 


Supply current 


at operation 


f(X| N )=8MHz High-speed mode V CC =5V 




6 


12 


mA 


f(Xci N )=32kHz, Vcc^V 




30 


60 


juA 


at wait state 


f(Xci N )=32kHz, V C c=5V 




15 


30 


at stop state 


V C c=5V,all clock stop | T a =25°C 




0. 1 


1.0 


Vram 


RAM retention voltage 




2 




5.5 


V 



Note 1 : Also the same as when each pin is used as INT 2 , INT 3 , CNT,, CNT 2 , SIG, S tN and X| N , respectively. 
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A-D CONVERTER CHARACTERISTICS (V CC =5V, V ss =AVss= 0 V, T a =25°C, f(X 1N )= 8 MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max 




Resolution 








8 


bits 




Non-linearity error 


Vcc=V REF =5.12V 






±2 


LSB 


Vcc=V REF =3. 072V 






±2 




Differential non-linearity 


V C c=Vref=5.12V 






±0.9 


LSB 


V CC =V REF =3. 072V 






±0.9 


Vox 


Zero transition error 


V CC =Vref=5.12V 






2 


LSB 


Vcc=Vr E f=3. 072V 






2 


Vfst 


Full-scale transition error 


V CC =V REF ==5.12V 






6 


LSB 


Vcc=Vref=3. 072V 






10 


T C 


Conversion time 


Vcc = 2. 5~5. 5V High-speed mode 




200/f(X, N ) 




MS 


V cc =2. 5~5. 5V Normal mode 




800/f(X, N ) 




Iref 


Reference input current 


V REF =5V 




1.0 


2.5 


mA 


V REF =3V 




0.5 


1.5 


'in 


Analog port input current 


V,n=0~V cc 




1 


10 


juA 


V,n 


Analog input voltage 


V cc =2. 5-5. 5V 


AV SS 




Vcc 


V 


V REF 


Reference input voltage 




2.5 




V C c 


V 
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DESCRIPTION 

The M37412E5-XXXFP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
72-pin plastic QFP. The features of this chip are similar to 
those of the M37412M4-XXXFP except that this chip has a 
10240 bytes PROM built in. This single-chip microcomputer 
is useful for home electrical appliances and consumer ap- 
pliance controllers. 

In addition to its simple instruction sets, the PROM, RAM, 
" and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose PROM 
writers can be used for the built-in PROM, this chip is suit- 
able for small quantity production runs. 

FEATURES 

• Number of basic instructions 69 

• Memory size PROM 10240 bytes 

RAM ; 160 bytes 

• Instruction execution time 

2/us (minimum instructions at 4MHz frequency) 

• Single power supply 5V±5% 

• Power dissipation 

normal operation mode (at 4MHz frequency) •••• 15mW 

• Subroutine nesting 80 levels (Max.) 

• Interrupt 7 types, 5 vectors 

• 8-bit timer 4 

• Programmable I/O ports (Ports P0, P1, P2, P3, P4, P7) 

46 

• Input port (Port P5) 8 

• Output port (Port P6) 5 

• Serial I/O (8-bit) 1 

• A-D converter 8-bit successive approximation 

• D-A converter 

• 8-bit PWM function 

• Watchdog timer 

• PROM ( equivalent to the M5L271 28) 

program voltage 21V 



PIN CONFIGURATION (TOP VIEW) 



< < < < ^< < < 

o o o o 

0. 0. 0. 0. 



<<<<<< 



P2 7 /D 7 « 
P2 6 /D 6 <• 
P2 5 /D 5 « 
P2 4 /D 4 «• 
P2 3 /D 3 - 
P2 2 /D 2 «• 
PVD, <• 

Vss" 
P2 0 /D 0 - 

Vcc- 
AV SS - 
Vref" 

D-A< 
PWM « 

P6 4 < 




-P5, 

- P5 2 
-P5 3 

- P5 4 /ED 4 

- P5 5 /ED 5 

- P5 6 /ED 6 

- P5 7 /ED 7 
-V ss 

* X 0 UT 



- RESET 

- CNVss/Vpf 

- INT! 
►P3 0 



jjiuiimuiiititiii 

^>„>„^^™ -IP- 



S' <dO!^ 

£2 



Q.a.a.Q.Q.<<2: 



L lcSo«j?^ai°- 



^ z 

0. Q. J? 



s? s? $ 

a. a. a. 



!0O S „ 

CO 0- 
Q. 



Outline 72P6 



APPLICATION 

Office automation equipment 

VCR, Tuner, Audio-visual equipment 
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FUNCTIONS OF M37412E5-XXXFP 



Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


2/us (minimum instructions, at 4MHz frequency) 


Clock frequency 


4MHz 


Memory Size 


PROM 


10240 bytes (Notel ) 


RAM 


160 bytes 


Input/Output ports 




Input 


1-bitXl 


PO, P1 , P2, P3, P4 


I/O 


8-bitX5 (a part of P3 is common with serial I/O, timer I/O, and interrupt input) 


P5 


Input 


8-bitX1 


P6 


Output 


5-bitX1 (a part of P6 is in common with external trigger output pin) 


P7 


I/O 


6-bitX1 


Serial I/O 


8-bitX1 


Timers 


8-bit prescalerX3+8-bit timerX4 


A-D conversion 


8-bitX1 (8 channels) 


D-A conversion 


5-bitX1 ^ 


Pulse width modulator 


8-bitX1 


Watchdog timer 


15-bitX1 


Subroutine nesting 


80 levels (max) 


Interrupt 


Two external interrupts, three internal timer interrupts 


Clock generating circuit 


built-in (ceramic or quartz crystal oscillator) 


Supply voltage 


5V±5% 


Power dissipation 


15mW (at 4MHz frequency) 


Input/Output characteristics 


Input/Output voltage 


12V (Ports PO, P1, P3, P4, P5, P6, P7, Tnt7) 


Output current 


5mA (Ports PO, P1, P2, P3, P4, P7) 


Memory expansion 


Possible 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate process 


Package 


72-pin plastic molded QFP 



Note 1 : The PROM programing voltage is 21 V (equivalent to the M5L271 28) 
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PIN DESCRIPTION 



Pin 


Mode 


Name 


Input/ 
Output 


Functions 


v cc. 
Vss 


Olliy lt?-v/i \ \\J 

/EPROM 


PowGr supply 




ouuuiy □V_!_O/0 iu vcc UV IU »ss 


CNV SS / 

Vpp 


Single-chip 


CNVss input 


Input 


Connect to OV 


EPROM 


Vpp input 


Connect to V PP when programming or verifing. 


RESET 


Single-chip 


RF^FT innnt 




To reset, keep this input terminal low for more than 2/js (min) under normal Vcc 
conditions If more time is needed for the crystal oscillator to stabilize, this "L" con- 
dition should be maintained for the required time. 


nil n w ivi 


RF^FT innnt 
ntOC. 1 IIIUUl 


Connect to Vss 




Single-chip 

/FPROIUI 
/ tr nvjivi 


Clock input 


Input 


Connect a ceramic or a quartz crystal oscillator between X iN and Xout for clock 
oscillation. If an external clock input is used, connect the clock input to the Xin pin 
and open the Xout pm. 


XoUT 


Clock output 


Output 




Single-chip 

/FPROM 
/trnUM 


Timing output 


Output 


For timing output 


INT! 


Single-chip 


Interrupt input 


Input 


Interrupt input INTi. 


EPROM 


Interrupt input 


Input 


Connect to OV. 


P0 0 ~P0 7 


Single-chip 


l/n nnrt PO, 
1/ \J pur i ru 


I/O 


Port PO is an 8-bit I/O port with direction registers which can program each bit as 
input or output It is set to input mode at reset. The output format is N-ch open drain 


FPRHM 


Address input Ao~A 7 




PO works as the lower 8 bit address input (Ao~A 7 ). 


P1 0 ~P1 7 


Single-chip 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port which has the same function as Port PO 


EPROM 


Address input A 8 ~A 13 


Input 


P1 0 ~P14 works as the higher 5 bit address inputs (A 8 ~A 13 ) 
Connect P15~P1 7 to Vcc 


P2 0 — P2 7 


Single-chip 


1 1 (~\ n/-»rt DO 

i/u port Yd. 




Port P2 is an 8-bit I/O port which has the same function as port PO The output for- 
mat is CMOS. 




Data input/ 
output D 0 ~D 7 




Port 2 works as an 8 bit data bus (Do~D7) 


rv>0 "^7 


Single-chip 


1 ir\ nnrt P^ 

pun rO 




Port P3 is an 8-bit I/O port and has basically the same functions port PO When se- 
rial I/O is used, P3 7 , P3 6 , P3 5 , and P3 4 work as S RD y, CLK, S 0 ut. and S !N pins, re- 
spectively Also P33 and P32 work as CNTR pin and the lowest interrupt pin (INT2), 
respectively The output format is N-ch open drain 


EPROM 


Input Port P3 


Input 


Connect to OV 


P4 0 ~P4 7 


Single-chip 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port which has the same function as port PO Ports P4 7 ~P4 0 
are common with Analog inputs AN 7 ~ANo The output format is N-ch open drain 


EPROM 


Select mode 


Input 


P4 2 , P4l P4 0 work as CE, OE and PGM inputs, respectively 
Connect P4 5 ~P4 7 to OV and P4 4 and P4 3 to V C c 


P5 0 ~P5 7 


Single-chip 


Input port 


Input 


Port P5 is an 8-bit input port. Ports P5 7 ~P5 4 have edge sence functions 


EPROM 


Input port 


Input 


Connect to OV 
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PIN DESCRIPTION (Continued) 



Pin 


Mode 


Name 


Input/ 
Output 


Functions 


P6 0 ~P6 4 


Single-chip 


Output port 


Output 


Port P6 is an 5-bit output port. At external trigger output mode, P6 0 and P6! are in 
common with the trigger input pin (T) and the trigger output pin (Q), respectively 
The output structure is N-channel open drain 


EPROM 


Output port 


Output 


Connect to OV 


P7 0 ~P7 5 


Single-chip 


I/O port P7 


I/O 


Port P7 is an 6-bit I/O port which has the same function as Port PO. 


EPROM 


Input port P7 


Input 


Connect to OV. 


AV SS 


Single-chip 


Analog voltage input 


Input 


GND pin for the A-D and D-A converters. 


EPROM 


Analog voltage input 


Input 


Connect to OV. 


v REF 


Single-chip 


Reference voltage 
input 


Input 


Reference input for A-D and D-A converters. 


EPROM 


Reference voltage 
input 


Input 


Connect to OV 


D-A 


Single-chip 


D-A output 


Output 


D-A converter output pin 


EPROM 


D-A output 


Output 


Connect to OV. 


PWM 


Single-chip 


PWM output 


Output 


Pulse width modulation output pin (N-ch open drain format). 


EPROM 


PWM output 


Output 


Connect to OV 
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EPROM MODE 

The M3741 2E5-XXXFP features an EPROM mode in addi- 
tion to its normal modes. When the RESET signal level is 
low ("L"), the chip automatically enters the EPROM mode. 
Table 1 list the correspondence between pins and Figure 1 
gives the pin connections in the EPROM mode. When in 
the EPROM mode, ports PO, P1, P2, P4 0 ~P4 2> and CNV SS 
are used for the PROM (equivalent to the M5L27128). 
When in this mode, the built-in PROM can be written to or 
read from using these pins in the same way as with the 
M5L27128. The oscillator should be connected to the X )N 
and X OU T pins, or external clock should be connected to 
the X| N pin. 



Table 1. Pin function in EPROM mode 





M37412E5-XXXFP 


M5L27128 


Vcc 


Vcc 


Vcc 


Vpp 


CNV SS /Vpp 


Vpp 


V ss 


V SS 


Vss 


Address input 


Ports PO, P1 0 ~P1 5 


A 0 ~A 13 


Data I/O 


Port P2 


D 0 ~D 7 


CE 


P4 2 /CE 


CE 


OE 


P^/OE 


OE 


PGM 


P4 0 /PGM 


PGM 



<vsE>- 



777 
V SS 



Vcc 

•e- 



<<<<<<<< 



<<<<<< 



-P2 7 /D 7 ^[58 

-P2 6 /D 6 ~[I 
-P2 5 /D 5 ~\K 
-P2 4 /D 4 **Hl 
-P2 3 /D 3 ~[! 
-P2 2 /D 2 **[I 
-P2 1 /D 1 **\E 

— v ss -[n 

— P2 0 /D 0 ~[I 

— V cc — H 
— AV SS — 

— V REF — d 

— D-A«-[I° 

— PWM — \E 
P6 4 — [1 



uiunniiiutinui 



o 



M3741 2E5-XXXFP 



O 



o 



iliJliMMMl]^ 

iiimuiimtintni 



ID* 

2?] •♦ 
E- 
ZD — 



P5 1 

P5 2 

P5 3 

P5 4 /ED 4 - 
P5 5 /ED 5 - 
P5 6 /ED 6 - 
P5 7 /ED 7 - 
V ss 



XoUT- 
X|N - 



M] ■*— RESET' 

E 



1- 



CNVss/Vpp- 

INT, 

P3 0 



-XVPFJ) 



CD (O O t 



a.Q.a.a.Q_<<z 

Q_0° 



"til 



777 
Vss 



O : Same function as M5L27128 



Fig.1 Pin connection in EPROM mode 
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PROM READING AND WRITING 
Reading _ 

To read the PROM, set the CE and OE pins to a "L" level, 
and the PGM pin to a "H" level. Input the address of the 
data (A 0 ~A 13 ) to be read and the data will be output to the 
I/O pins D 0 ~D 7 . The data I/O pins will be floating when 
either the CE or OE pins are in the "H" state. 

Writing 

To write to the PROM, set the CE pin to a "L" level and the 
OE pin to a "H" level. The CPU will enter the program 
mode when V PP is applied to the V PP pin. The address to 
be written to is selected with pins A 0 ~A 13 , and the data to 
be written is input to pins D 0 ~D 7 . Set the PGM pin to a "L" 
level to begin writing. 

Notes on Writing 

When using an PROM writer, the address range should be 
between 1800 16 and 3FFF 16 . When data is written between 
addresses 0000 16 and 3FFF 16) fill addresses 0000 16 to 
17FF 16 with 00 16 . 



NOTES ON HANDLING 

(1) Since a high voltage (21V) is used to write data, care 
should be taken when turning on the EPROM writer's 
power. 

(2) For the programmable microcomputer (shipped in 
blank or OTP type) . Mitsubishi does not perform 
PROM write test and screening in the assembly pro- 
cess and following process. To improve reliability after 
write, performing write and test according to the flow 
below before use is recommended. 



Writing with PROM writer 
Screening (Note) (Leave at 150°C for 40 hours) 
Verify test with PROM writer 

^L> 

Function check in target device 



Note '. Since the screening temperature is higher than 
storage temperature, never expose to 150°C ex- 
ceeding 100 hours. 



Table 2. I/O signal in each mode 



Pin 

Mode ~~~~ — 


CE(10) 


OE(11) 


PGM(12) 


V PP (24) 


V cc (67) 


Data I/O 
(58-64, 66) 


Read-out 


V, L 


V,L 


V, H 


V C c 


Vcc 


Output 


Programming 


V, L 


V 1H 


Pulse(V, H — V IL ) 


V PP 


Vcc 


Input 


Programming verify 


V, L 


V,L 


V, H 


v PP 


Vcc 


Output 


Program disable 


V, H 


X 


X 


Vp P 


Vcc 


Floating 



Note 1 : V| U and V, H indicate a "L" and "H" input voltage, respectively. 
2 An X indicates either V| L or V iH 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s 

With the output transistor cut-off 


-0. 3- 7 


V 


Vi 


Input voltage X !N 


-0. 3- 7 


V 


V| 


Input voltage P2 0 ~P2 7 , P4 0 ~P4 7 


-0. 3~Vcc+0. 3 


V 


v, 


Input voltage P0 0 ~P0 7 , P1 0 ~P1 7> P3 0 ~P3 7 , P5 0 ~P5 7 , 
P6 0) P7 0 ~P7 5 , INT^ 


-0. 3-13 


V 


v, 


Input voltage CNV S s, RESET 


-0. 3—13 (NoteD 


V 


Vo 


Output voltage P2 0 ~P2 7 , P4 0 ~P4 7 , X OU t, <f>, D-A 


-0. 3~V cc +0. 3 


V 


Vo 


Output voltage P0 0 ~P0 7 , P1 0 ~P1 7l P3 0 ~P3 7 , P6 0 ~P6 4 , 
P7 0 ~P7 5 , PWM 


-0. 3-13 


V 


Pd 


Power dissipation 


T a =25°C 


300 


mW 


T opr 


Operating temperature 




-10—70 


°C 


Tstg 


Storage temperature 




-40-125 


°C 


Note 1 : In EPROM programming mode, CNV SS is 22. OV 

RECOMMENDED OPERATING CONDITIONS (V CC =5V±5%, T a =-10~70°C, unless otherwise noted) 


Symbol 


Parameter 


Limits 


Unit 




Mm 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5. 25 


V 


V ss 


Supply voltage 




0 




V 


V REF 


Reference voltage 


4 




Vcc 


V 


V IH 


"H" input voltage P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7 , 

P3 0 ~P3 7 , P4 0 ~P4 7 , P5 0 ~P5 7 , IntT, 
RESET, X| N , CNVss, P6 0 , P7 0 ~P7 5 


0. 8V CC 




Vcc 


V 


V, L 


"L" input voltage P0 0 ~PO 7 , P1 0 ~P1 7 , P2 0 ~P2 7 , 
P3 0 ~P3 7 , P4 0 ~P4 7) P5 0 ~P5 7 , 
INTT, CNVss, P6 0 , P7 0 ~P7 5 


0 




0. 2V CC 


V 


V,l 


"L" input voltage RESET 


0 




0. 12V CC 


V 


V, L 


"L" input voltage X| N 


0 




0. 16V CC 


V 


'oL(peak) 


"L" peak output current P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7 , 
P3 0 ~P3 7 , P4 0 ~P4 7 , P7 0 ~P7 5 
(Note 2 ) 






10 


mA 


'oL(peak) 


"L" peak output current P6 0 ~P6 3 (Note 2 ) 






15 


mA 


'oL(peak) 


"L" peak output current PWM, P6 4 (Note 2 ) 






5 


mA 


'oL(avg) 


"L" average output current P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7 , 
P3 0 ~P3 7 , P4 0 ~P4 7 , P7 0 ~P7 5 
(Notel ) 






5 


mA 


'oL(avg) 


"L" average output current P6 0 ~P63 (Note 1 ) 






7 


mA 


'oL(avg) 


"L" average output current PWM, P6 4 (Note 1 ) 






2.5 


mA 


'oH(peak) 


"H" peak output current P2 0 ~P2 7 (Note 2 ) 






-10 


mA 


'oH(avg) 


"H" average output current P2 0 ~P2 7 (Note 1 ) 






-5 


mA 


f(x IN ) 


Internal clock oscillating frequency 






4 


MHz 



Note 1 '. The average output currents loUavg) and 'oH(avg) are tne average value of a period of 1 00ms 

2 : Do not allow the combined low- level output current of ports PO, P1 , P2, P3, P4, P6, and PWM to 

exceed 80mA 

Do not allow the combined high- level output current of port P2 to exceed 50mA 

3 : "H" input voltage of ports P0, P1, P3, P5, P6 0 , P7 and INT, is available up to +12V 



A MITSUBISHI 
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ELECTRICAL CHARACTERISTICS (V CC =5V, V ss =0V, T a =25°C, f(X IN )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ. 


Max 


Vqh 


"H" output voltage P2 0 ~P2 7 


l OH =-'10mA 


3 






V 


Vqh 


"H" output voltage 0 


l 0H =-2. 5mA 


3 






V 


Vol 


"L" output voltage P0 0 ~P0 7 , P1 0 ~P17, P2 0 ~P2 7l 
P3 0 ~P3 7 , P4 0 ~P4 7 , P6o~P6 3> 
P7 0 ~P7 5 


l O L=10mA 






2 


V 


Vol 


"L" output voltage P6 4 , <t>, PWM 


loL == 5mA 






2 


V 


V t +-V t - 


Hysteresis INTt 




0.3 




1 


V 


V t +-V t - 


Hysteresis P3 6 


When used as CLK input 


0.3 


0.8 




V 


V t +-V t - 


Hysteresis P3 2 


When used as INT 2 input 


0.3 




1 


V 


v T +-v T - 


Hysteresis P3 3 


When used as CNTR input 


0. 5 


1 




V 


v T +-v T - 


Hysteresis P6 0 


When used as T input 


0.5 


1 




V 


V T +-V T - 


Hysteresis RESET 






0. 5 


0. 7 


V 


v T +-v T _ 


Hysteresis X| N 




0. 1 




0.5 


v 


Iil 


"L" input current P0 0 ~P0 7 , P1 0 ~P1 7l P2 0 ~P2 7 , 
P3 0 ~P3 7l P4 0 ~P4 7l P5 0 ~P5 7 , 
P6 0 ~P6 3 , P7 0 ~P7 5 


V,=0V 






-5 


MA 


l|L 


"L" input current INT 1; RESET, X, N 


V,=0V 






-5 


juA 


l|H 


"H" input current P0 0 ~P0 7l P1 0 ~P17, P3 0 ~P3 7 , 
P5 0 ~P5 7l P6 0> P7 0 ~P7 5 


V,= 12V 






12 


juA 


I.H 


"H" input current INT!, RESET, X| N , P2 0 ~P2 7 , 
P4 0 ~P4 7 


V,=5V 






5 


juA 


Vram 


RAM retention voltage 


At clock stop 


2 






V 


'cc 


Supply current 


<f>, Xout. and D-A pins 
opened, other pins at 
Vss. and A-D converter 
in the finished condi- 
tion 


f(X, N )=4MHz 
Square wave 




3 


6 


mA 


At clock stop 
T a =25°C 






1 


juA 


At clock stop 
T a =75°C 






10 



A-D CONVERTER CHARACTERISTICS (V CC =5V, v ss =AV ss =0V, Ta=25°C, f(X, N )=4MHz, unless otherwise noted) 



symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 




Resolution 


V REF =Vcc 






8 


Bits 




Absolute accuracy 


V REF =Vcc 






±3 


LSB 


Rladder 


Ladder resistance value 


Vref=V C c 


2 




10 


kH 


tcONV 


Conversion time 








50 


jus 


V REF 


Reference input voltage 




2 




V CC 


V 


v, A 


Analog input voltage 




0 




Vr E f 


V 


D-A CONVERTER CHARACTERISTICS (V CC =5V, v S s=AV S s=0V, T a =25°C, f(X, N )=4MHz, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 




Resolution 


V REF =Vcc 






5 


Bits 




Error in full scale range 


Vref = Vcc 






±1 


% 


*su 


Setup time 


V RE f=Vcc 






3 


MS 


Ro 


Output resistance 


Vref == Vcc 






3 


kCl 


Vr E f 


Reference voltage 




4 




Vcc 


V 
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TIMING REQUIREMENTS 

Single-Chip mode (V C c=5V±5%, V ss =0V, T a =25°C, f(X, N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 




Typ. 


Max 


tSLl(POD — <t>) 


Port PO input setup time 




270 






ns 


^SU(P1 D — <f>) 


Port P1 input setup time 




270 






ns 


^SU(P2D — </>) 


Port P2 input setup time 




270 






ns 


tsil( P3D — <t>) 


Port P3 input setup time 




270 






ns 


^SU(P4D — </>) 


Port P4 input setup time 




270 






ns 


^SU(P5D — <f>) 


Port P5 input setup time 




270 








tsU(P7D— <t>) 


Port P7 input setup time 




270 






ns 


th(<*_POD) 


Port PO input hold time 




20 






ns 


th(<6-P1D) 


Port P1 input hold time 




20 






ns 


th(<*— P2D) 


Port P2 input hold time 




20 






ns 


<t> — P3D) 


Port P3 input hold time 




20 






ns 


<t> — P4D) 


Port P4 input hold time 




20 






ns 


th(«*— P5D) 


' Port P5 input hold time 




20 






ns 


4> — P7D) 


Port P7 input hold time 




20 






ns 


tc 


External clock input cycle time 




250 






ns 


t w 


External clock input pulse width 




75 






ns 


tr 


External clock rising edge time 








25 


ns 


tf 


External clock falling edge time 








25 


ns 


Eva-Chip mode (V C c=5V±5%, V ss =0V, T a =25°C, f(X| N )=4MHz, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ. 


Max 


tsiKPOD— 4>) 


Port PO input setup time 




270 






ns 


tsU(P1D— <f>) 


Port P1 input setup time 




270 






ns 


tsii(P2D— 4>) 


Port P2 input setup time 




270 






ns 


thC^— POD) 


Port PO input hold time 




20 






ns 


t|l(«i-P1D) 


Port P1 input hold time 




20 






ns 


th(0— P2D) 


Port P2 input hold time 




20 






ns 


Memory expanding mode and microprocessor mode 

(V C c=5V±5%, V ss =0V, T a =25°C, f(X, N )=4MHz, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max. 


tsu(P2D— <t>) 


Port P2 input setup time 




270 






ns 


th(<*— P2D) 


Port P2 input hold time 




30 






ns 
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SWITCHING CHARACTERISTICS 

Single-Chip mode (V CC =5V±5%, V S s=0V, T a =25°C, f(X IN )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max. 


td(<*— POQ) 


Port PO data output delay time 


Fig 2 






230 


ns 


td(<6-P1Q) 


Port P1 data output delay time 






230 


ns 


t(j(0_p2Q) 


Port P2 data output delay time 


Fig 3 






230 


ns 


<t> — P3Q) 


Port P3 data output delay time 


Fig 2 






230 


ns 


td(<*— P4Q) 


Port P4 data output delay time 






230 


ns 


td(<6— P6Q) 


Port P6 data output delay time 






230 


ns 


td(<*— P7Q) 


Port P7 data output delay time 






230 


ns 



Eva-Chip mOde (V CC =5V±5%, V ss =0V, T a =25°C, f(X, N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


td(<*— POA) 


Port P0 address output delay time 


Fig 2 






250 


ns 


*d(<*— POAF) 


Port P0 address output delay time 






250 


ns 


*d(<*— POQ) 


Port P0 data output delay time 






200 


ns 


*d(9*— POQF) 


Port P0 data output delay time 






200 


ns 


td(<A— P1A) 


Port P1 address output delay time 






250 


ns 


^&{<t>— P1AF) 


Port P1 address output delay time 






250 


ns 


td(<6— piq) 


Port P1 data output delay time 






200 


ns 


^d( 4> — P1 QF) 


Port P1 data output delay time 






200 


ns 


td((A— P2Q) 


Port P2 data output delay time 


Fig 3 






300 


ns 


td(<4— P2QF) 


Port P2 data output delay time 






300 


ns 


td(<*— R/W) 


R/W signal output delay time 


Fig 2 






250 


ns 


tdC^— R/WF) 


R/W signal output delay time 






250 


ns 


*d(<*— P3 0 Q) 


Port P3 0 data output delay time 






200 


ns 


*d(<*— P3 0 QF) 


Port P3 0 data output delay time 






200 


ns 


td(0— SYNC) 


SYNC signal output delay time 






250 


ns 


*d(<*— SYNCF) 


SYNC signal output delay time 






250 


ns 


*d(0— P3-|Q) 


Port P3i data output delay time 






200 


ns 


^d( <* — P3-|QF) 


Port P3t data output delay time 






200 


ns 



Memory expanding mode and microprocessor mode 

(V C c=5V±5%, V ss =0V, T a =25°C, f(X, N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm. 


Typ 


Max 


td(<*— POA) 


Port P0 address output delay time 


Fig. 2 






250 


ns 


^d( <t> — pi a) 


Port P1 address output delay time 






250 


ns 


td(?>— P2Q) 


Port P2 data output delay time 


Fig 3 






300 


ns 


*d(<*— P2QF) 


Port P2 data output delay time 






300 


ns 


td(?*— R/W) 


R/W signal output delay time 


Fig 2 






250 


ns 


td(<*— SYNC) 


SYNC signal output delay time 






250 


ns 





Fig. 2 Ports P0, P1, P3, P4, P6 and P7 test circuit 



Fig. 3 Port P2 test circuit 



3-444 



AMITSUBISt 
ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M37412E5-XXXFP 



PROM VERSION of M37412M4-XXXFP 



TIMING DIAGRAMS 

In single-chip mode 



Port PO output 



Port PO input 



Port P1 output 



Port P1 input 



Port P2 output 



Port P2 input 



Port P3 output 



Port P3 input 



Port P4 output 



Port P4 input 



Port P5 input 



Port P6 output 



Port P7 output 



Port P7 input 



f(x IN ) 



X 



t(j (0-POQ) 



t(j (0-P1Q) 



x 



t(j (*-P2Q) 



X 



t(j (*~P3Q) 



X 



t(j (*-P4Q) 



X 



t(j ( P6Q ) 



X 



( <t> — P7Q ) 



tsu (POD-0) 



tsu (P1D-0) 



*SU (P2D-4M 



ISU (P4D-0) 



yr 

1 



tsu (P5D-0) 



tsU(P7D </<) 



th (0-pod) 



V 



s- th(0-piD) 



X 



th (0-P2D) 



X 



t(l (0-P3D) 



X 



=_ th (</>-P4D) 



th (</> - P5D) 



th (0-P7D) 
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In eva-chip mode 



Port PO output 



Port PO input 



Port P1 output 



Port P1 input 



Port P2 output 



Port P2 input 



Port P3 0 output (R/W) 



Port P3, output (SYNC) 



5fe 



"^"H td (*-P1A) 

>zzz 



t(j ((0-POQ) 



td (*-piq) 



«wJ td, 

x: 



x 



td ( *-r/w) 



X 



td (0-SYNC) 



s 



td (*~POAF) 



x*; 



-6— J t<j(*-P 

xz: 



tsu (POD-*) 



td (0-P1AF) 



xx 



tsu (P1D-«^ 



td ( (0-P2OF) 



>x 



JSU (P2D-#)_ 



td (*-R/WF) 



XX 



td ( <t>- P3 0 O ) 



td (0-SYNCF) 



td (f*-P3,Q) 



X 



th (*-POD) 
td( *-P10F) 



X 

X 



th ( *-pid) 



X 



th(^-P2D) 



"^"H td(^-P3 0 QF) 



X 
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In memory expanding mode and microprocessor mode 



Port PO output 



Port P1 output 



Port P2 output 



Port P2 input 



Port P3 0 output (R/W) 



Port P3i output (SYNC) 



y 



x 



t(j (*-POA) 



X 



td (*-pia ) 



X. 



floating 



t(j ( *-R/W) 



X 



X 



t(j (*~SYNC) 



*-aJ td (*- 

xz 



tsU (P2D-*) 



y 



x 



x 



td ( *~P2QF) 



x: 



th (0-P2O) 



x 



x 
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DESCRIPTION 

The M37413E6HFS, M3741 3E6HXXXFP are single-chip 
microcomputers designed with CMOS silicon gate technol- 
ogy. M3741 3E6HXXXFP is housed in a 80-pin shrink plastic 
molded QFP. M37413E6HFS is housed in a 80-pin ceramic 
QFP. The features of this chip are similar to those of the 
M3741 3M4HXXXFP except that this chip has a 12288 bytes 
PROM built in. This single-chip microcomputer is useful for 
home electrical appliances and consumer appliance con- 
trollers. 

In addition to its simple instruction sets, the PROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose PROM 
writers can be used for the built-in PROM, this chip is suit- 
able for small quantity production runs. 
The M37413E6HFS is the window type. The differences be- 
tween the M3741 3E6HXXXFP and the M37413E6HFS are 
the package outline and the power dissipation ability 
(absolute maximum ratings). 



FEATURES 



69 

•12288 bytes 
••••256 bytes 



• 2,us 

• 8ms 



Number of basic instructions 

Memory size PROM 

RAM 

Instruction execution time 

(minimum instructions at 4MHz frequency) 

at high-speed mode 

at low-speed mode 

Single power supply 

M3741 3E6HXXXFP 2.5-5.5V 

M37413E6HFS 4.5-5.5V 

Power dissipation 

normal operation mode (at 4MHz frequency) 
15mW (V cc =5V, Typ.) 

low-speed operation mode (at 32kHz frequency for 

clock function) 54//W(V cc =3V, Typ.) 

RAM retention voltage (stop mode) 

2.0V^V RAM ^5.5V 

Subroutine nesting 96 levels (Max.) 

Interrupt 10 types, 5 vectors 

8-bit timer 4 (3 when used as serial I/O) 

16-bit timer 1 

Programmable I/O ports 

(Ports P0, P1, P2, P3, P5, P6, P7) 56 

Input port (Port P4) 8 

SeriaJ I/O (8-bit) 1 

A-D converter 8-bit, 8-channel 

conversion speed (49.5/is) 
Two clock generating circuits 

(One is for main clock, the other is for clock function) 
PROM (equivalent to the M5L27128) 

program voltage 21V 



PIN CONFIGURATION (TOP VIEW) 



I i i ii II i z i i ii i fi ti £ i 

Mill \ t I I t I I t I t t t 



P4 2 /IN 6 - 
PVIN 5 - 
P4 0 /IN 4 - 
HV 
IN 2 - 
IN,- 
INo- 
Vcc 
P5//PWM3 - 
P5 6 /PWM2 « 
P5 5 /PWM1 « 
P5 4 /PWM0 « 
P5 3 /SJG - 
P5 2 /CNT 2 /CE< 

pSt/cn t^oe - 

P5 0 /INT 3 /PGM « 
P37/Srdy " 
P3 6 /CLK- 
P35/S0UT " 
P3 4 /S IN « 



o 



o 



2 

CO 



I 
X 
X 
X 



o 



IDIMIilEIIiH 
It t t f t f I 



El* - * - 
§]** 

u~ 

fT]** 

u** 

m- 
m* 

n* 

ID* 

U* 
«1* 

ID* 

«]* 

45]* 
44] * 
«]* 



P7 3 
P7 4 
P7 5 
P7 6 
P7 7 
4> 

P2 0 /D 0 
P2,/D, 
P2 2 /D 2 
P2 3 /D 3 
P2 4 /D 4 
P2 5 /D 5 
P2 6 /D 6 
P2 7 /D 7 
POq/Ao 
PO^A, 
P0 2 /A 2 
P0 3 /A 3 
P0 4 /A 4 
P0 5 /A 5 



.ItlLiiitlt 



Outline 80P6S (OTP) 

iiiisi% itifiiiii 
iii i 1 11 11 11 ti 



P4 4 - 
P4 3 /IN 7 ■ 
P4 2 /IN 6 - 
P4 1 /IN 5 - 
P4 0 /IN 4 - 
IN3- 
IN 2 - 
IN n - 
INo- 
V CC 
P5 7 /PWM3 - 
P5 6 /PWM2 - 
P5 5 /PWM1 - 
P5 4 /PWM0 ■> 
P5 3 /SIG * 
P5 2 /CNT 2 /CE - 
PS^CNTj/OE/ 
P5 0 /INT 3 /PGM - 
P3 7 /Srdy * 
P3 6 /CLK " 
P3 5 /S 0 ut " 
P3 4 /S, N « 
P3 3 /T < 
P3 2 /INT 2 « 



E** 



2 

CO 



CO 

m 
o> 

Tl 

CO 



ID* 
|o] * 

58) * 



P7i 
P7 2 
P7 3 
P7 4 
P7 5 
P7 6 



ID — 
U~ 
49]** 

48]** 
47]** 
46]** 
45]** 
44]*+ 
43]** 
42]** 
47]** 



P2 0 /D 0 
P2 1 /D 1 
P2 2 /D 2 
P2 3 /D 3 
P2 4 /D 4 
P2 5 /D 5 
P2 6 /D 6 
P2 7 /D 7 
POq/Ao 
PO1/A1 
P0 2 /A 2 
P0 3 /A 3 
P0 4 /A 4 
PO5/A5 
P0 6 /A 6 
P0 7 /A 7 



tit t t I 



1 1 t..i 1 1 t 1 



Outline 80S6 (Window) 

NC ! No Connection 



APPLICATION 

Audio-visual equipment, VCR, Tuner, 
Office automation equipment, 
Camera 
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M3741 3E6HXXXFP BLOCK DIAGRAM 
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FUNCTIONS OF M3741 3E6HXXXFP 



Parameters 


Functions 


Number of basic instructions 


69 


Instruction execution time 


2fxs (minimum instructions, at 4MHz of frequency) 


Clock frequency 


4MHz 


Memory size 


PROM 


12288bytes 


RAM 


256bytes 


Input/Output port 


PO, P2, P7 


I/O 


8-bitX3 (CMOS output) 


P1 , P3, P5, P6 


I/O 


8-bitX4 (N-channel open drain output) 


P4 


Input 


8-bitX1 


Serial I/O 


8-bitXl 


Timers 


8-bit timerX4 


16-bit timerXI 


Subrotine nesting 


96(max) 


Interrupt 


Three external Interrupts, three timer interrupts (or two timer, one serial I/O) 


Clock generating circuit 


Two built-in circuits (ceramic or quartz crystal oscillator) 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate 


Package 


80-pin plastic molded QFP 
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PIN DESCRIPTION 



Pin 




Name 


Input/ 
Output 


Functions 


Vcc, 
V S s 


Single-chip 
/EPROM 


Power supply 




Supply 5V±5% to V cc and OV to V ss 


CNV SS / 
V P p 


Single-chip 


CNVss 




Connect to V S s- 


EPROM 


V PP input 


Input 


Connect to Vpp when programming or verifing 


RESET 


Single-chip 


Reset input 


Input 


To reset, keep this input terminal low for more than 16//s (mm) under normal V C c 
conditions If more time is needed for the crystal oscillator to stabilize, this "L" con- 
dition should be maintained for the required time. 


EPROM 


Connect to OV. 




Single-chip 
/EPROM 


Clock input 


Input 


These are I/O pins of internal clock generating circuit for main clock To control 
generating frequency, an external ceramic or a quartz crystal oscillator is connected 
between the X (N and X 0 ut pms If an external clock is used, the clock source should 
be connected the X iN pin and the X 0 ut pin should be left open 


XoUT 


Clock output 


Output 


INT! 


Single-chip 


Interrupt input 


Input 


This is the highest order interrupt input pin 


EPROM 


Connect to OV 


P0 0 ~P0 7 


Single-chip 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be indi- 
vidually programmed as input or output At reset, this port is set to input mode The 
output structure is CMOS output 


EPROM 


Address input A 0 ~A 7 


Input 


PO works as the lower 8 bit address input (A 0 ~A 7 ) 


P1o~P1 7 


Single-chip 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO 
The output structure is N-channel open drain 


EPROM 


Address input A 8 ~A 13 


Input 


P1 0 ~P15 works as the higher 6 bit address inputs (A 8 ~Ai 3 ) 
Connect P1 6 ~P1z to V ss 


P2 0 ~P2 7 


Single-chip 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same function as port PO 
Also all bits are for key on wake up input pins. 


EPROM 


Data input/ 
output Do~D 7 


I/O 


Port P2 works as an 8 bit data bus (D 0 ~D 7 ) 


P3 0 ~P3 7 


Single-chip 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO 
When serial I/O is used, P3 7 , P3 6 , P3 5 and P3 4 work as S RD y. CLK, S 0 ut. and S| N 
pins, respectively Also P3 3 , P3 2 , P3i, and P3o work as timer 4 overflow signal di- 
vided by 2 output pin (T), INT 2 pin, X C in and X C out pms, respectively 


EPROM 


Input port P3 


Input 


Connect to OV 


P4 0 ~P4 7 


Single-chip 


Input port P4 


Input 


Port P4 is an 8-bit input port. P4 0 ~P4 3 work as analog input pin IN 4 — INT- 


EPROM 


Connect to V S s 


IN 0 ~IN 7 


Single-chip 


Input port IN 


Input 


These are analog input pin 


EPROM 


Connect to Vss 


P5 0 ~P5 7 


Single-chip 


I/O port P5 


I/O 


Port P5 is an 8-bit I/O port and has basically the same function as P1 P5 0 , P5u P5 2 
and P5 3 are in common with INT 3 , timer3 input, timer5 input and A-D trigger input, 
respectively. 


EPROM 


Select mode 


Input 


Connect to Vss 
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PIN DESCRIPTION (Continued) 



Pin 


Mode 


Name 


Input/ 
Output 


Functions 


P6 0 ~P6 7 


Single-chip 


I/O port P6 


I/O 


Port P6 is an 8-bit I/O port and has basically the same functions as port P1 


EPROM 


Input port P6 


Input 


Connect to V S s 


P7 0 ~P7 7 


Single-chip 


I/O port P7 


I/O 


Port P7 is an 8-bit I/O port and has basically the same functions as port P2 


EPROM 


Input port P7 


Input 


Connect to V S s 


AV CC 


Single-chip 


Analog voltage input 


Input 


Analog voltage input pin for A-D converter 


EPROM 


Connect to V S s. 


AVss 


Single-chip 
/EPROM 


Analog voltage input 


Input 


Connect to V S s- 


v REF 


Single-chip 


Reference voltage 
input 


Input 


Reference input pin for A-D converter. 


EPROM 


Connect to V C c- 
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EPROM MODE 

The M3741 3E6HXXXFP, M37413E6HFS feature an EPROM 
mode in addition to its normal modes. When the RESET 
signal level is low ("L"), the chip automatically enters the 
EPROM mode. Table 1 list the correspondence between 
pins and Figure 1, Figure 2 give the pin connections in the 
EPROM mode. When in the EPROM mode, ports PO, P1, 
P2, P5 0 ~ P5 2 , and CNV SS are used for the PROM 
(equivalent to the M5L27128) . When in this mode, the 
built-in PROM can be written to or read from using these 
pins in the same way as with the M5L271 28. The oscillator 
should be connected to the X, N and Xqut pins, or external 
clock should be connected to the X iN pin. 



Table 1. Pin function in EPROM mode 





M3741 3E6HXXXFP, 
M37413E6HFS 


M5L27128 


Vcc 


V C c 


Vcc 


v PP 


CNVss/Vpp 


V P p 


Vss 


V SS 


Vss 


Address input 


Ports PO, P1 0 ~P1 5 


A 0 ~A 13 


Data I/O 


Port P2 


D 0 ~D 7 


CE 


P5 2 /CE 


CE 


OE 


PS^OE 


of 


PGM 


P5 0 /PGM 


PGM 



-e- 



n 



-P4 2 /IN 6 " 
-PVIN5- 
- P4 0 /IN 4 - 



-IN! - 
-INo- 

-V C c 

P5 7 /PWM3 - 

P5 6 /PWM2 * 

P5 5 /PWM1 - 

P5 4 /PWM0 - 

P5 3 /SIG « 

@ — P5 2 /CNT 2 /CE< 
<pf) — PSi/CN Tj/OE - 
<® — P5 0 /INT 3 /PGM- 
— P3 7 /Srdy " 

P3 6 /CLK< 

P3 5 /Sout " 
P3 4 /S IN < 



s22 22 5>5§£SS£££f fff B 

1 1 1 1 1 1 uiiiiiiiii 



O 



o 



M37413E6HXXXFP 



O 



tun 1 1 1 1111111111 



id** 



50]- 

£]- 
46]- 
I]- 
3~ 
1- 
4^- 
41]- 



P7 3 " 
P7 4 " 
P7 5 - 
P7 6 " 
P7 7 " 



P2 0 /D 0 - 
P2 1 /D 1 - 
P2 2 /D 2 - 
P2 3 /D 3 - 
P2 4 /D 4 - 
P2 5 /D 5 - 
P2 6 /D 6 - 
P2 7 /D 7 - 
PO0/A0 - 
Pd/A! - 
PO2/A2- 
P0 3 /A 3 - 
P0 4 /A 4 - 
POs/As - 



-® 
-® 
-© 
"® 
■® 
-<S> 
-® 

-(£> 
® 

-® 
-& 



^ ^X 

CO CO ^ 

Q. 0-3 

0. 



\- Zfc-wr-cocotMi- o O) CO K CD 

Sx-j^es: <<<<<<<< 



O • Same functions as M5L271 28 
Fig.1 Pin connection in EPROM mode 
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O : Same functions as M5L27128 
Fig.2 Pin connection in EPROM mode 
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PROM READING, WRITING AND ERASING 
Reading 

To read the PROM, set the CE and OE pins to a "L" level, 
and the PGM pin to a "H" level. Input the address of the 
data (A 0 ~A 13 ) to be read and the data will be output to the 
I/O pins D 0 ~D 7 . The data I/O pins will be floating when 
either the CE or OE pins are in the "H" state. 

Writing 

To write to the PROM, set the CE pin to a "L" level and the 
OE pin to a "H" level. The CPU will enter the program 
mode when V PP is applied to the V PP pin. The address to 
be written to is selected with pins A 0 ~A 13 , and the data to 
be written is input to pins D 0 ~D 7 . Set the PGM pin to a "L" 
level to begin writing. 

Erasing 

Data can only erased on the M37413E6HFS ceramic pack- 
age, which includes a window. To erase data on this chip, 
use an ultraviolet light source with a 2537 Angstrom wave 
length. The minimum radiation power necessary for erasing 
is 15W-s/cm 2 . 



Functional differences from M3741 3M4HXXXFP 

(excluding characteristic differences). 





M3741 3M4HXXXFP 


M3741 3E6HXXXFP 


Port PO pull-up resistor 


Option 


Not provided 


Port P1 pull-up resistor 


Option 


Not provided 


Port P2 pull-up resistor 


Option 


Not provided 


Port P3 pull-up resistor 


Option 


Not provided 


Port P4 pull-up resistor 


Option 


Not provided 


Port P5 pull-up resistor 


Option 


Not provided 


Port P6 pull-up resistor 


Option 


Not provided 


Port P7 pull-up resistor 


Option 


Not provided 


Port P2 key on wake up 


Option 


Provided (all bits) 


Port P7 key on wake up 


Option 


Provided (all bits) 



NOTES ON HANDLING 

(1) Sunlight and fluorescent light contain wave lengths 
capable of erasing data. For ceramic package types, 
cover the transparent window with a seal (provided) 
when this chip is in use. However, this seal must not 
contact the lead pins. 

(2) Before erasing, the glass should be cleaned and stains 
such as finger prints should be removed thoroughly. If 
these stains are not removed, complete erasure of the 
data could be prevented. 

(3) Since a high voltage (21V) is used to write data, care 
should be taken when turning on the PROM writer's 
power. 

(4) For the programmable microcomputer (shipped in 
blank or OTP type) , Mitsubishi does not perform 
PROM write test and screening in the assembly pro- 
cess and following processes. To improve reliability af- 
ter write, performing write and test according to the 
flow below before use is recommended. 



Writing with PROM writer 

o 

Screening (Note) (Leave at 150°C for 40 hours) 
Verify test with PROM writer 



Function check in target device 



Note Since the screening temperature is higher than 
storage temperature, never expose to 150°C ex- 
ceeding 100 hours. 



Table 2. I/O signal in each mode 



Pin 

Mode - — 


CE(14) 


OE(15) 


PGM06) 


V PP (26) 


V cc (8) 


Data I/O 

(33-54) 


Read-out 


V, L 


V, L 


V, H 


Vcc 


V C c 


Output 


Programming 


V, L 


V, H 


Pulse(V IH — V IL ) 


v PP 


V C c 


Input 


Programming verify 


V, L 


V IU 


V, H 


Vrp 


Vcc 


Output 


Program disable 


V, H 


X 


X 


Vp P 


Vcc 


Floating 



Note 1 1 V, L and V| H indicate a "L" and "H" input voltage, respectively. 
2 '. An X indicates either V, L or V )H 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




—0. 3— 7 


V 


AVcc 


Analog supply voltage 


Vcc=AV C c 


—0. 3~ 7 


V 


v, 


Input voltage P0 0 ~P0 7 , P2 0 ~P2 7 , P3 0 , P3i, P4 0 ~P4 7 , 
P7 0 ~P7 7 , IN 0 ~IN 7l Vrefi X in 




-0. 3~Vcc+0. 3 


V 


v, 


Input voltage CNV SS , (Note 1) 




-0. 3— 7 


V 


v, 


Input voltage INTl RESET, P1 0 ~P1 7 , P3 2 ~P3 7> P5 0 ~P5 7 , 
P6 0 ~P6 7 




-0.3—10 


V 


V 0 


Output voltage P0 0 ~P0 7 , P2 0 ~P2 7 , P3 0 , P3i, P7 0 ~P7 7 , 

XoUT 




-0. 3~Vcc+0. 3 


V 


Vo 


Output voltage P1 0 ~P1 7 , P3 2 ~P3 7 , P5 0 ~P5 7 , P6 0 ~P6 7 




-0.3-10 


V 


Pd 


Power dissipation 


T a = 25°C 


300 


mW 


Topr 


Operating temperature 




-10—70 


°C 


Tstg 


Storage temperature 




-40—125 


°C 



Note 1 : In PROM programming mode, CNV SS is 21.0V 



RECOMMENDED OPERATING CONDITIONS (Vcc= 5 V± 5 %, T a =-10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm. 


Typ 


Max 


Vcc 


Supply voltage (Note 1 ) 


f(X| N )=4MHz High-speed mode 


4.5 




5.5 


V 


f(X| N )=4MHz Normal mode or 
f(X, N )=2MHz High-speed mode (Note 2) 


2.5 
(Note 3) 




5.5 


V S s 


Supply voltage 






0 




V 


V IH 


"H" input voltage P0 0 ~P0 7 , P3 0> P3 1t P4 0 ~P4 7 , 
X IN , CNV ss (Note4) 




0. 7V CC 




V C c 


V 


V IH 


"H" input voltage P2 0 ~P2 7 , P7 0 ~P7 7 




0. 8V CC 




Vcc 


V 


V, H 


"H" input voltage P1 0 ~P1 7 , PSt^PS?, P6 0 ~P6 7i S (N 




0. 7V CC 




10 


V 


V, H 


"H" input voltage P5 0 , INT 1p INT 2i INT 3i P3 2 ~P3 7 , 

CNTl cnt 2 , sig, clk 




0. 8V CC 




10 


V 


V, H 


"H" input voltage RESET, X C in 




0. 85V CC 




10 


V 


V, L 


"L" input voltage P0 0 ~P0 7 , P1 0 ~P1 7 , P3 0 ~P3 7 , 

P4 0 ~P4 7 , P5 1 ~P5 7t P6 0 ~P6 7 , S IN 




0 




0. 3V CC 


V 


V,u 


"L" input voltage P2 0 ~P2 7 , P5 0l P7 0 ~P7 7 , INTl INT 2 , 
INT 3 , CNTl cnt 2 , SIG, CLK 




0 




0. 2V C c 


V 


V,L 


"L" input voltage RESET, X| N , X C in 




0 




0.15V CC 


V 


'oh 


"H" output current P0 0 ~P0 7> P2 0 ~P2 7 , P7 0 ~P7 7 , 
Xout (Note 5) 








-1 


mA 


l0L 


"L" output current P0 0 ~P0 7 , P2 0 ~P2 7 , P3 0 ~P3 7 , 
P5 0 ~P5 7 , P6 0 ~P6 7 , P7 0 ~P7 7 , 
Xout, PWM0~PWM3, T, 
Sout, CLK, S^, SIG (Note 6) 








1 


mA 




"L" output current P1 0 ~P1 7 (Note 7) 


V CC =5V 






10 


mA 


f(x 1N ) 


Clock oscillating frequency 




0.2 




4 


MHz 


f(X C IN) 


Clock oscillating frequency for clock function 




30 




50 


kHz 



Note 1 ' When only maintaining the RAM data, minimum value of V cc is 2V 

2 : We say the high-speed mode, when the system clock is chosen X )N /4, and the normal mode, when the system clock is chosen X tN /16 

3: In case M37413E6HFS, 4.5V 

4 : When P3 is X C | N mode, the limits of V, H of P3! is 0.85Vcc^V, H ^Vcc, O^V, U ^0. 15V CC 

5 : Total of loH(peak) of ports P0, P2, P7 and X OU t is less than 35mA. 

6 : Total of loL(peak) of ports P0, P2, P3, P5, P6 and P7 is less than 32mA 

7 Total of loL(peak) ° f P° rt P1 is less than 80mA 
Total of loL(avg ) °* P ort P1 ' s less than 40mA. 
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ELECTRICAL CHARACTERISTICS (T a =-10~70C V ss =0V, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Voh 


"H" output voltage P0 0 ~P0 7 , P2 0 ~P2 7 , P7 0 ~P7 7 


Vcc=5V, Ioh=— 0. 5mA 


4 






V 


Vqh 


"H" output voltage X 0 ut 


V CC =5V, I O h=-0. 3mA 


4 






V 


Vol 


"L" output voltage P0 0 ~P0 7l P2 0 ~P2 7 , P3 0 ~P3 7l 
P5 0 ~P5 7 , P6 0 ~P6 7 , P7 0 ~P7 7 , 
T, Souti CLK, Srdy. 
SIG, PWM0-PWM3 


V CC =5V, l 0L =1mA 








V 


Vol 


"L" output voltage P1 0 ~P1 7 


V CC =5V, l O L=20mA 






2 


V 


Vol 


"L" output voltage X 0 ut 


V C c=5V, l OL =0. 3mA 






1 


V 


V t +-V t - 


Hysteresis INT^ INT 2 , INT 3 , CLK, CNTi, CNT 2 , 
SIG, S| N) P2 0 ~P2 7 , P7 0 ~P7 7 , X cin 


V CC =5V 




0.7 




V 


V T+ -V T - 


Hysteresis RESET 


V CC =5V 




2 




V 


V T+ -V T - 


Hysteresis X| N 


V CC =5V 




0.5 




V 


I.L 


"L" input current |P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7 , 
P3 0 ~P3 7 , P4 0 ~P4 3 , P5 0 ~P5 7 , 
P6 0 ~P6 7 , P7 0 ~P7 7 | 
Without pull-up T r (Note 1 ) 
IN 0 ~IN 7 , INTl RESET, Xin 


V|— OV 






-5 


//A 


l,H 


"H" input current P0 0 ~P0 7 , P2 0 ~P2 7 , P3 0 , P3^, 
P4 0 ~P4 7 , P7 0 ~P7 7 , IN 0 ~IN 7 , 
Xin. Xcin, CNV S s 


Vcc^SV 
V,=5V 






5 


juA 


l|H 


"H" input current {P1 0 ~P1 7 , P3 0 ~P3 7 , P5 0 ~P5 7 , 
P6 0 ~P6 7 | Without pull-up T r 
INTl INT 2 , INT 3 , CNTl cnt 2 , 
SIG, RESET, S, N , CLK 


V,=10V 






10 


M A 


•cc 


Supply current 


at operation 


f(X, N )=4MHz High-speed mode V CC =5V 




3 


8 


mA 


f(X C | N )=32kHz, V CC =3V 




30 


60 


MA 


at wait state 


f(X C i N )=32kHz, V CC =5V 




15 


30 


at stop state 


V CC =5V, all clock stop T a =25°C 




0.1 


1.0 


Vram 


RAM retention voltage 




2 




5.5 


V 



Note 1 : Also the same as when each pin is used as INT 2 , INT 3 , CNT1, CNT2, SIG, S, N and X, N , respectively 



A-D CONVERTER CHARACTERISTICS (V C c=AV C c=5V, v ss =AV ss = 0 V, T a =25°C, f(X IN )= 4 MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 




Resolution 








8 


bits 




Non-linearity error 


V C c=Vref=5.12V 






±2 


LSB 




Differential non-linearity 


Vcc=V REF =5.12V 






±0.9 


LSB 


Vot 


Zero transition error 


V CC =Vref=5.12V 






2 


LSB 


V FST 


Full-scale transition error 


Vcc=Vref=5.12V 






8 


LSB 


T c 


Conversion time 


Vcc=5V High-speed mode 




25 




us 


Iref 


Reference input current 


Vref=5V 




1.0 


2.5 


mA 


'iN 


Analog port input current 


V|n=0~V cc 




1 


10 


M A 


V,N 


Analog input voltage 


V CC =5V 


AV SS 




Vcc 


V 


Vref 


Reference input voltage 




2.5 




Vcc 


V 
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DESCRIPTION 

The M37414E5-XXXFP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
72-pin plastic molded QFP. The features of this chip are 
similar to those of the M37414M5-XXXFP except that this 
chip has a 10240 bytes PROM built in. This single-chip 
microcomputer is useful for home electrical appliances and 
consumer appliance controllers. 

In addition to its simple instruction set, the PROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose PROM 
writers can be used for the built-in PROM, this chip is suit- 
able for small quantity production runs. 

FEATURES 

• Number of basic instructions 69 

• Memory size ROM * 10240 bytes 

RAM 160 bytes 

• Instruction execution time 

2jus (minimum instructions at 4MHz frequency) 

• Single power supply • 5V±5% 

• Power dissipation 

normal operation mode (at 4MHz frequency) • •• 15m W 

• Subroutine nesting 80 levels (Max.) 

• Interrupt 7 types, 5 vectors 

• 8-bit timer - • • 4 

• Programmable I/O ports 

(Ports P0, P1, P2, P3, P4, P7) 46 

• Input port (Port P5) • 8 

• Output port (Port P6) 5 

• Serial I/O (8-bit) 1 

• A-D converter (8-bit resolution) 8 channels 

• D-A converter (5-bit resolution) 1 channels 

• 8-bit PWM function 

• Watchdog timer 

• PROM (equivalent to the M5L27128) 

program voltage • 21V 



PIN CONFIGURATION (TOP VIEW) 



lT-C\JWtlOtON. CO O) 2 ^ ^ 2 

<<<<<<< <<<<<< 

OOOOOOOS.N-N.N.-1-t-t-i-t-t-t . -. 
0-Q-CLQ.CLQ.Q.Q.Q.Q-OlQ.Q.Q.GLQ.Q.Q.OlC 



P2 7 /D 7 < 
P2 6 /D 6 < 
P2 5 /D 5 < 
P2 4 /D 4 < 
P2 3 /D 3 « 
P2 2 /D 2 < 
P2 1 /D 1 « 

V S s 
P2 0 /D 0 - 

Vcc 
AVss 
Vref" 

D-A< 
PWM - 

P6 4 < 



~i 

itiiitniiiniuitnt 



o 



M37414E5-XXXFP 



O 



o 



1 1 || 2 || 3 || 4 || 5 |[ 6 || 7 || 8 || 9 I |l0 | |ll | |l2 ||l3||l4| |l5||l6||l7[ |l8 ||l9||20||2l"f 

j 1 1 1 1 1 1 1 n 1 1 1 1 1 1 'i n 1 1 

n Q_ i^«iir,if«-i-» -i 1 ST" s S v m O > 



Q.Q.Q.Q.CL<<Z 



Q. 0L Q. " n 



Outline 72P6 



APPLICATION 

Office automation equipment 

VTR, Tuner, Audio-visual equipment 



3-458 



M37414E5-XXXFP BLOCK DIAGRAM 



\7 



Timing 
output 



Interrupt input 

intT 




Reset input 
RESET 



V ss CNV. 



7V 



iz. 



Program 


Program 


counter 


counter 


PC H (8) 


PC L (8) 





Stack 




pointer 




S(8) 



8-bit 

arithmetic 
and logical 
unit 



Accumulator 

A(8) 

7T 



RAM 
160 bytes 



Index 




Index 


register 




register 


X(8) 




Y(8) 




PROM 
10240 bytes 



C 



Prescaler 




Timer 2 


PRE12(8) 




T2(8) 



1^ 



Prescaler 




Timer 3 


PRE3(8) 




T3(8) 



c 



^1. 



Control signal 



Prescaler 




Timer X 


PREX(8) 




TX(8) 



P7(6) 



I/O port P7 Output 
port P6 




D-A AV 
PWM V REF 



Input port P5 



I/O port P4 



I/O port P3 



I/O port P2 



I/O port P1 



I/O port P0 



Reference 
voltage input 



o 
3 

< 
m 

o 



3 



3 

en 
■ 

X 
X 
X 



W 
k| 

m 

I 

X 
X 
X 

■n 



c 
2 



H 
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FUNCTIONS OF M37414E5-XXXFP 



Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


2jus (minimum instructions, at 4MHz frequency) 


Clock frequency 


4MHz 


Memory Size 


PROM 


10240bytes (Notel ) 


RAM 


160 bytes 


Input/Output port 


TntT 


Input 


1-bitX1 


PO, P1, P2, P3, P4 


I/O 


8-bitX5 (a part of P3 is in common with serial I/O, timer I/O, and interrupt input) 


P5 


Input 


8-bitXl 


P6 


Output 


5-bitXl (a part of P6 is in common with external trigger output pin) 


P7 


I/O 


6-bitXl 


Serial I/O 


8-bitX1 


Timers 


8-bit prescalerX3+8-bit timerX4 


A-D converter 


8-bitX1 (8 channels) 


D-A converter 


5-bitX1 


Pulse width modulator 


8-bitX1 


Watchdog timer 


15-bitX1 


Subroutine nesting 


80 levels (max) 


Interrupt 


Two external interrupts, three internal timer interrupts 


Clock generating circuit 


built-in (ceramic or quartz crystal oscillator) 


Supply voltage 


5V±5% 


Power dissipation 


at high-speed operation 


15mW (at 4MHz frequency) 


Input/Output characteristics 


Input/Output voltage 


12V (Ports P3, P4, P5, P6, P7 0 , P7 1p INtT) 


Output current 


5mA (Ports PO, P1, P2, P3, P4, P7) 


Memory expansion 


Possible 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate process 


Package 


72-pin plastic molded QFP 



Note 1 : The PROM programing voltage is 21V (equivalent to the M5L27128) 
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PIN DESCRIPTION 



Pin 


Mode 


Name 


Input/ 
Output 


Functions 


Vcc. 
V SS 


Single-chip 
/EPROM 


Power supply 




Supply 5V±5% to V cc and OV to V ss 


CNVss 


Single-chip 


CNVss input 


Input 


Connect to OV 


EPROM 


V PP input 


Connect to V PP when programming or venting 


RESET 


Single-chip 


RESET input 


Input 


To reset, keep this input terminal low for more than 2a<s (mm) under normal Vcc 
conditions. If more time is needed for the crystal oscillator to stabilize, this "L" con- 
dition should be maintained for the required time 


EPROM 


RESET input 


Connect to Vss 




Single-chip 
/EPROM 


Clock input 


Input 


Connect a ceramic or a quartz crystal oscillator between X tN and X 0 ut for clock 
oscillation. If an external clock input is used, connect the clock input to the X| N pin 
and open the X 0 ut pm. 


XoUT 


Clock output 


Output 




Single-chip 
/EPROM 


Timing output 


Output 


For timing output 


intT 


Single-chip 


Interrupt input 


Input 


Interrupt input IN^. 


EPROM 


Interrupt input 


Input 


Connect to OV 


P0 0 ~P0 7 


Single-chip 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with direction registers which can program each bit as 
input or output It is set to input mode at reset The output format is CMOS output 


EPROM 


Address input Ao~A 7 


Input 


PO works as the lower 8 bit address input (A 0 ~A 7 ) 


P1o~P1r 


Single-chip 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port which has the same function as Port PO 


EPROM 


Address input As~Ai3 


Input 


P1o~P15 works as the higher 6 bit address inputs (A8~Ai 3 ) 
Connect P1 6 ~P17 to V C c 


P2 0 ~P2 7 


Single-chip 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port which has the same function as Port PO 


EPROM 


Data input/ 
output D 0 ~D 7 


I/O 


Port 2 works as an 8 bit data bus (Do~D 7 ). 


P3 0 ~P3 7 


Single-chip 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions Port PO When se- 
rial I/O is used, P3 7 , P3 6 , P3 5 , and P3 4 work as Srdy, CLK, S 0 ut, and S| N pins, re- 
spectively Also P33 and P32 work as CNTR pin and the lowest interrupt pin (INT2), 
respectively The output format is N-ch open drain 


EPROM 


Input Port P3 


Input 


Connect to OV 


P4 0 ~P4 7 


Single-chip 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port which has the same function as Port PO Ports P4 7 ~P4 0 
are common with Analog inputs AN 7 ~AN 0 The output format is N-ch open drain 


EPROM 


Select mode 


Input 


P4 2 , P4i, P4 0 work as CE, OE and PGM inputs, respectively 
Connect P4 5 ~P4 7 to OV and P4 4 and P4 3 to V C c 


P5 0 ~P5 7 


Single-chip 


Input port 


Input 


Port P5 is an 8-bit input port Ports P5 7 ~P5 4 have edge sence functions. 


EPROM 


Input port 


Input 


Connect to OV 
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PIN DESCRIPTION (Continued) 



Pin 


Mode 


Name 


Input/ 
Output 


Functions 


P6 0 ~P6 4 


Single-chip 


Output port 


Output 


Port P6 is an 5-bit output port At external trigger output mode, P6o and P6! are in 
common with the trigger input pin (T) and the trigger output pin (Q), respectively 
The output structure is N-channel open drain. 


EPROM 


Output port 


Output 


Connect to OV. 


P7 0 ~P7 5 


Single-chip 


I/O port 


I/O 


Port P7 is an 6-bit I/O port and has basically the same functions as port PO 

The output structure of P7 0 , P7i is N-channel open drain, and the output structure of 

P7 2 ~P7 5 is CMOS output 


EPROM 


Input port 


Input 


Connect to OV 


AV SS 


Single-chip 


Analog voltage input 


Input 


GND pin for the A-D and D-A converters. 


EPROM 


Analog voltage input 


Input 


Connect to OV 


v REF 


Single-chip 


Reference voltage 
input 


Input 


Referrence input for A-D and D-A converters 


EPROM 


Reference voltage 
input 


Input 


Connect to OV 


D-A 


Single-chip 


D-A output 


Output 


D-A converter output pin 


EPROM 


D-A output 


Output 


Connect to OV 


PWM 


Single-chip 


PWM output 


Output 


Pulse width modulation output pin (N channel open drain format) 


EPROM 


PWM output 


Output 


Connect to OV 
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EPROM MODE 

The M37414E5-XXXFP features an EPROM mode in addi- 
tion to its normal modes. When the RESET signal level is 
low ("L"), the chip automatically enters the EPROM mode. 
Table 1 list the correspondence between pins and Figure 1 
gives the pin connection in the EPROM mode. When in the 
EPROM mode, ports PO, P1, P2, P4 0 ~P4 2 , and CNV SS are 
used for the PROM (equivalent to the M5L27128). When in 
this mode, the built-in PROM can be written to or read from 
using these pins in the same way as with the M5L27128. 
The oscillator should be connected to the X !N and X 0 ut 
pins, or external clock should be connected to the X| N pin. 



Table 1. Pin function in EPROM mode 





M37414E5-XXXFP 


M5L27128 


Vcc 


Vcc 


Vcc 


V PP 


CNVss/Vp P 


Vpp 


V SS 


Vss 


Vss 


Address input 


Ports PO, P1 0 ~P1 5 


A 0 ~A 13 


Data I/O 


Port P2 


D 0 ~D 7 


CE 


P4 2 /CE 


CE 


OE 


P4 1 /OE 


OE 


PGM 


P4 0 /PGM 


PGM 



©- 
®- 
®- 
<s>- 
®- 
®- 
(E>- 




-P2 7 /D 7 - 
-P2 6 /D 6 < 
-P2 5 /D 5 - 
-P2 4 /D 4 - 
-P2 3 /D 3 - 
-P2 2 /D 2 - 
-P2 1 /D- 

V S5 

-P2 0 /D 0 « 

— V cc - 

— AV SS - 

— v REF - 

— D-A« 



-PWM « 
~ P6 4 < 



► [£o 

«-*-[63 
^[64 

►[66 

►n 
►n 
-n 

-m 

-m 



<<<<<<<< 

O O O O O O O O S.' N." N t- t- t-" t- t- r- LO 
Q.Q-Q.Q.Q.Q.Q-Q-Q.Q.Q.Q.Q.Q-Q-Q.Q.Q.Q.Q.Q. 

HUItltintlltUIHI 

fc7f56][i%l|54j^^ 



o 



M37414E5-XXXFP 



O 



o 



1 i 



Jl5Jl6jl7j[8jL9jlT0j[nJll2|ll 



B|llZll8]ffll2U 



-P5! 

-P5 2 

-P5 3 

- P5 4 /ED4 

- P5 5 /ED 5 

- P5 6 /ED 6 

- P5 7 /ED 7 
-V ss 



XoUT 

RESET — 

■ CNVss/Vp, 

■ INT! 

■ P3 0 



-(vpb) 



uiutiiiintinnt 

OH ^ ^' L 



0. 0. Q. 0. Q. < < 



CO CO CO cl -^co 



7T7 V ss 

<0 Same function as M5L271 28 



0. 0- Q. 



co Q. 



777 V S! 



Fig. 1 Pin connection in EPROM programing mode 
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PROM READING AND WRITING 
Reading 

To read the PROM, set the CE and OE pins to a "L" level, 
and the PGM pin to a "H" level. Input the address of the 
data (A 0 ~A 13 ) to be read and the data will be output to the 
I/O pins D 0 ~D 7 . The data I/O pins will be floating when 
either the CE or OE pins are in the "H" state. 

Writing 

To write to the PROM, set the CE pin to a "L" level and .the 
OE pin to a "H" level. The CPU will enter the program 
mode when V PP is applied to the V PP pin. The address to 
be written to is selected with pins A 0 ~A 13 , and the data to 
be written is input to pins D 0 ~D 7 . Set the PGM pin to a "L" 
level to begin writing. 

Notes on Writing 

When using an PROM writer, the address range should be 
between 1800 16 and 3FFF 16 . When data is written between 
addresses 0000 16 and 3FFF 16 , fill addresses 0000 16 to 
17FF 16 with 00 16 . 



PROM VERSION of M37414M5-XXXFP 



NOTES ON HANDLING 

(1) Since a high voltage (21V) is used to write data, pare 
should be taken when turning on the PROM writer's 
power. 

(2) For the programmable microcomputer (shipped in 
blank or OTP type) , Mitsubishi does not perform 
PROM write test and screening in the assembly pro- 
cess and following processes. To improve reliability af- 
ter write, performing write and test according to the 
flow below before use is recommended. 



Writing with PROM writer 
Screening (Note)(Leave at 150°C for 40 hours) 
Verify test with PROM writer 

-L> 

Function check in target device 



Note '. Since the screening temperature is higher than 
storage temperature, never expose to 150°C ex- 
ceeding 100 hours. 



Table 2. I/O signal in each mode 



Pin 

Mode ■ — 


CE(10) 


OE(11) 


PGM(12) 


V PP (24) 


V cc (67) 


Data I/O 
(58-64, 66) 


Read-out 


V IL 


V, L 


V, H 


V C c 


Vcc 


Output 


v Programming 


V, L 


V, H 


Pulse(V IH -*V, L ) 


Vp P 


Vcc 


Input 


Programming verify 


V, L 


V IL 


V, H 


Vp P 


Vcc 


Output 


Program disable 


V, H 


X 


X 


Vpp 


Vcc 


Floating 



Note 1 : V| L and V, H indicate a "L" and "H" input voltage, respectively 
2 *. An X indicates either V, L or V, H 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 










-0. 3~ 7 


V 


v. 


Input voltage X| N 










-0. 3~ 7 


V 


v, 


Input voltage P0 0 ~P0 7 , P1 0 ~P1 7l P2 0 ~P2 7 , P4 0 ~P4 7) 
P7 2 ~P7 5 










-0. 3— Vcc+0. 3 


V 


V| 


Input voltage P3 0 ~P3 7 , P5 0 ~P5 7 , P6 0 , P7 0 , P7i, TntT 


With respect to V S s 






-0.3-13 


V 


v, 


Input voltage CNV SS , RESET 


With the output transistor cut-off 


-0. 3—13 (NoteD 


V 


Vo 


Output voltage P0 0 ~P0 7 , P1 0 ~P17. P2 0 ~P2 7> P4 0 ~P4 7 , 
P7 2 ~P7 5 , Xout, </>, D-A 










-0. 3~V C c+0. 3 


v 


Vo 


Output voltage P3 0 ~P3 7 , P6 0 ~P6 4 , P7 0 , P7i, PWM 










-0. 3-13 


V 


Pd 


Power dissipation 


T a =25°C 


300 


mW 


T opr 


Operating temperature 




-10—70 


°C 


Tstg 


Storage temperature 




-40-125 


°C 


Note 1 I In PROM programming mode, CNV SS is 22. OV 














RECOMMENDED OPERATING CONDITIONS (v 0 c=5v±5%, r a = 


— 10~70°C, unless otherwise noted) 




Symbol 


Parameter 


Limits 


Unit 






Mm 


Typ 


Max 






Vcc 


Supply voltage 


4. 75 


5 


5. 25 


V 






V S s 


Supply voltage 




0 




V 






VreF 


Reference voltage 


4 




V CC 


V 






V, H 


"H" input voltage P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7 , 
P3 0 ~P3 7 , P4 0 ~P4 7 , P5 0 ~P5 7 , 
INTl RESET, Xin, CNVss, P6 0 
P7 0 ~P7 5 


0. 8V CC 




Vcc 


V 






V,l 


"L" input voltage P0 0 ~P0 7 , P1 0 ~P17, P2 0 ~P2 7 , 
P3 0 ~P3 7 , P4 0 ~P4 7l P5 0 ~P5 7 , 
iNTT, CNVss, P6 0 , P7 0 ~P7 5 


0 




0. 2V CC 


V 






V lu 


"L" input voltage RESET 


0 




0.1 2 Vcc 


V 






V, L 


"L" input voltage X !N 


0 




0. 16 Vcc 


V 






'oL(peak) 


"L" peak output current P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7> 
P3 0 ~P3 7 , P4 0 ~P4 7 , P7 0 ~P7 5 
(Note 2 ) 






10 


mA 






'oL(peak) 


"L" peak output current P6 0 ~P6 3 (Note 2 ) 






15 


mA 






loL(peak) 


"L" peak output current PWM, P6 4 (Note 2 ) 






5 


mA 






'oL(avg) 


"L" average output current P0 0 ~P0 7 , P1 0 ~P17> P2 0 ~P2 7 , 
P3 0 ~P3 7 , P4 0 ~P4 7 , P7 0 ~P7 5 
(Notel ) 






5 


mA 






loL(avg) 


"L" average output current P6o~P63 (Note 1 ) 






7 


mA 






'oL(avg) 


"L" average output current PWM, P6 4 (Note 1 ) 






2.5 


mA 






'oH(peak) 


"H" peak output current P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7 , 
P7 2 ~P7 5 (Note 2 ) 






-10 


mA 






'oH(avg) 


"H" average output current P0 0 ~P0 7 , P1o~P1 7 , 
P2 0 ~P2 7 , P7 2 ~P7 5 
(Note 1 ) 






-5 


mA 






f(x 1N ) 


Internal clock oscillating frequency 






4 


MHz 







Note 1 I The average output currents loL(avg) ana " 'oH(avg) are * ne average value of a period of 100ms 

2 : Do not allow the combined low- level output current of ports P0, P1 , P2, P3, P4, P6, P7 and PWM 

to exceed 80mA. 

Do not allow the combined high- level output curre nt of p ort PO, P1 , P2 P7 2 ~P7 5 to exceed 50mA 

3 : "H" input voltage of ports' P3, P5, P6 0l P7 0 , P7, and \UTi is available up to +12V 
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ELECTRICAL CHARACTERISTICS (V CC =5V, V ss =0V, T a =25°C , f(X, N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm. 


Typ 


Max. 


Vqh 


"H" output voltage P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7 , 
P7 2 ~P7 5 


l O H=-j0mA 


3 






V 


V OH 


"H" output voltage <t> 


Ioh=— 2.5mA 


3 






V 


Vol 


"L" output voltage POo~P07, P1o~P17. P2 0 ~P2 7> 
P3 0 ~P3 7 , P4 0 ~P4 7l P6 0 ~P6 3 , 
P7 0 ~P7 5 


l O L=10mA 






2 


V 


Vol 


"L" output voltage i>, PWM, P6 4 


loL == 5mA 






2 


V 


V t +-V t _ 


Hysteresis INTi 




0.3 




1 


V 


V t +-V t - 


Hysteresis P3 6 


When used as CLK input 


0.3 


0.8 




V 


V t +-V t _ 


Hysteresis P3 2 


When used as INT 2 input 


0.3 




1 


V 


V t +-V t - 


Hysteresis P33 


When used as CNTR input 


0.5 


1 




V 


V T +-V T - 


Hysteresis P6 0 


When used as T input 


0.5 


1 




V 


V t +-V t _ 


Hysteresis RESET 






0.5 


0.7 


V 


V t +-V t - 


Hysteresis Xin 




0.1 




0.5 


V 


l|L 


"L" input current P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 7 , 
P3 0 ~P3 7) P4 0 ~P4 7 , P5 0 ~P5 7 , 
P6 0 , P7 0 ~P7 5 , PWM 


V|=0V 






—5 


juA 


I.L 


"L" input current INT,, RESET, X !N 


V,=0V 






-5 


U A 




"H" input current P3 0 ~P3 7 , P5 0 ~P5 7( P6 0 , P7 0 , P7,, 
PWM 


V,=12V 






12 


juA 


•lH 


"H" input current INT 1t RESET, X, N , P0 0 ~P0 7 , 

P1 0 ~P1 7 , P2 0 ~P2 7l P4 0 ~P4 7 , 
P7 2 ~P7 5 


V,=5V 






5 


juA 


Vram 


RAM retention voltage 


At clock stop 


2 






V 


Ice 


Supply current 


4>, Xout- and D-A pins 
opened, other pins at 
V S s, and A-D converter 
in the finished condi- 
tion. 


f(X, N )=4MHz 
Square wave 




3 


6 


mA 


At clock stop 
T a =25°C 






1 


juA 


At clock stop 
T a =75°C 






10 



A-D CONVERTER CHARACTERISTICS (Vcc=5V, V S s=AV S s=0V, T a =25°C, f(X, N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ. 


Max 




Resolution 


V REF =Vcc 






8 


Bits 




Absolute accuracy 


V REF =Vcc 






±3 


LSB 


R-LADDER 


Ladder resistance value 


Vref == VcC 


2 




10 


kO 


tcONV 


Conversion time 








50 


/us 


Vref 


Reference input voltage 




2 




Vcc 


V 


V,a 


Analog input voltage 




0 




Vref 


V 


D-A CONVERTER CHARACTERISTICS (V CC =5V, V ss =AVss=0V, T a =25°C, f(X IN )=4MHz, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ 


Max 




Resolution 


Vref = Vcc 






5 


Bits 




Error in full scale range 


Vref=V C c 






±1 


% 


tsu 


Setup time 


V REF =Vcc 






3 


jus 


Ro 


Output resistance 


Vref^Vqc 






3 


kO 


Vref 


Reference voltage 




4 




Vcc 


V 
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TIMING REQUIREMENTS 

Single-Chip iriOde (V CC =5V±5%, Vs S =0V, T a =25°C, f(X, N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max. 


tsil(POD— <f>) 


Port PO input setup time 




270 






ns 


tsu(piD— <f>) 


Port P1 input setup time 




270 






ns 


tsU(P2D— <fi) 


Port P2 input setup time 




270 






ns 


tSLl(P3D— <t>) 


Port P3 input setup time 




270 






ns 


tsU(P4D— <f>) 


Port P4 input setup time 




270 






ns 


*SU(P5D— <t>) 


Port P5 input setup time 




270 






ns 


*SU(P7D— <t>) 


Port P7 input setup time 




270 






ns 


th(<6— POD) 


Port PO input hold time 




20 






ns 


thc^— pid) 


Port P1 input hold time 




20 






ns 


th(«*--P2D) 


Port P2 input hold time 




20 






ns 


th(0— P3D) 


Port P3 input hold time 




20 






ns 


th(<*— P4D) 


Port P4 input hold time 




20 






ns 


<t> — P5D) 


Port P5 input hold time 




20 






ns 


^h( <t> — P7D) 


Port P7 input hold time 




20 






ns 


tc 


External clock input cycle time 




250 






ns 


t w 


External clock input pulse width 




75 




— I 


ns 


tr 


External clock rising edge time 








25 


ns 


tf 


External clock falling edge time 








25 


ns 


Eva-Chip mode (V CC =5V±5%, V ss =0V, T a =25°C, f(X, N )=4MHz, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


*SU(POD— <t>) 


Port PO input setup time 




270 






ns 


tsu(piD— <t>) 


Port P1 input setup time 




270 






ns 


*SU(P2D— <j>) 


Port P2 input setup time 




270 






ns 


th<«6— POD) 


Port PO input hold time 




20 






ns 


th(<*_p-|D) 


Port P1 input hold time 




20 






ns 


0 — P2D) 


Port P2 input hold time 




20 






ns 


Memory expanding mode and microprocessor mode 

(V C c=5V±5%, V ss =0V, T a =25 0 C, f(X IN )=4MHz, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tsu(P2D— <f) 


Port P2 input setup time 




270 






ns 


*h(<*— P2D) 


Port P2 input hold time 




30 






ns 
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SWITCHING CHARACTERISTICS 

Single-Chip mode (V CC =5V±5%, V S s=0V, T a =25°C, f(X, N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


td(<*-poo) 


Port PO data output delay time 


Fig 3 






230 


ns 


td(<6-P1Q) 


Port P1 data output delay time 






230 


ns 


td(0— P2Q) 


Port P2 data output delay time 






230 


ns 


td(<*— P3Q) 


Port P3 data output delay time 


Fig. 2 






230 


ns 


^d( 0 — P4Q) 


Port P4 data output delay time 






230 


ns 


td(<*— P6Q) 


Port P6 data output delay time 






230 


ns 


*d(?5— P7Q) 


Port P7 0 , P7i data output delay time 






230 


ns 


Port P7 2 ~P7 5 data output delay time 


Fig 3 






230 


ns 



Eva-Chip mode (V C c=5V±5%, V ss =0V, T a =25°C, f(X, N )=4MHz, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


*d(<*— POA) 


Port P0 address output delay time 


Fig 3 






250 


ns 


*d(<*— POAF) 


Port P0 address output delay time 






250 


ns 


td(«*— POQ) 


Port P0 data output delay time 






200 


ns 


*d(<*-POQF) 


Port P0 data output delay time 






200 


ns 


*d(<*— pia) 


Port P1 address output delay time 






250 


ns 


td(<ft— P1AF) 


Port P1 address output delay time 






250 


ns 


td(<*— piq) 


Port P1 data output delay time 






200 


ns 


*d((*— P1QF) 


Port P1 data output delay time 






200 


ns 


td(<*-P2Q) 


Port P2 data output delay time 






300 


ns 


*d(?>— P2QF) 


Port P2 data output delay time 






300 


ns 


td(<*— R/W) 


R/W signal output delay time 


Fig 2 






250 


ns 


*d(0— R/WF) 


R/W signal output delay time 






250 


ns 


*d(<*— P3 0 Q) 


Port P3o data output delay time 






200 


ns 


*d(^— P3 0 QF) 


Port P3o data output delay time 






200 


ns 


^d( $ — sync) 


SYNC signal output delay time 






250 


ns 


*d(<*— SYNCF) 


SYNC signal output delay time 






250 


ns 


td(<*— P3!Q) 


Port P3i data output delay time 






200 


ns 


^d(0 — P3iQF) 


Port P3i data output delay time 






200 


ns 


Memory expanding mode and microprocessor mode 

(V CC =5V±5%, V S s=0V, T a =25°C, f(X| N )=4MHz, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max. 


^d( 4> — POA) 


Port P0 address output delay time 


Fig 3 






250 


ns 


*d(<*— pia) 


Port P1 address output delay time 






250 


ns 


*d(<*-P2Q) 


Port P2 data output delay time 






300 


ns 


*d(<*— P2QF) 


Port P2 data output delay time 






300 


ns 


*d(«*— R/W) 


R/W signal output delay time 


Fig 2 






250 


ns 


^d ( 4> — SYNC ) 


SYNC signal output delay time 






250 


ns 




PO 
P1 
P2 

P7 2 ~P7 5 
<t> 


, 


^100pF 

777 




1 ' 

± 100pF 

777- 





Fig. 2 Ports P3, P4, P6, P7 0 , P7 A test circuit 



Fig. 3 Port PO, P1, P2, P7 2 ~P7 5 test circuit 
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TIMING DIAGRAMS 

In single-chip mode 



Port PO output 



Port PO input 



Port P1 output 



Port P1 input 



Port P2 output 



Port P2 input 



Port P3 output 



Port P3 input 



Port P4 output 



Port P4 input 



Port P5 input 



Port P6 output 



Port P7 output 



Port P7 input 



f(X,ff) 



ZIX 



—X 



\ / 



' t(J(^-P0Q) 



-*d(<o-piQ) 



>: 



-tfJ(^-p 2 Q) 



>: 



-td(<>-P3Q) 



>: 



-td(^-P4Q) 



-td((4-P6Q) 



-td(*-P7Q) 



tw 



tsU(P0D-^) 



tsil(P1D-0) 



tSLl(P2D-^) 



tsU(P3D~0) 



J* 



tsU(P4D-(4) 



tsU(P5D~^) 



tsU(P7D— <t>) 



\ / 



-th(^-POD) 



th(«i-piD) 



-\e — W 



- W 



*h(^— P4D) 



' th(«i-P5D) 



K 



-th(^-p7D) 



MITSUBISHI 
k. ELECTRIC 
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In eva-chip mode 



Port PO output 



Port PO input 



Port P1 output 



Port P1 input 



Port P2 output 



Port P2 input 



Port P3 0 output (R/W) 



Port P3t output (SYNC) 



X 



- t<j (0-POA) 



t(j (0-POQ) 



Us— td (0_ P1A) 

5t= 



t(j (0-P1Q) ' 



x 



- t(j (0-P2Q ) — 



>: 



" t(j ( 0-R/W) 



X 



- t(j (0-SYNC) 



- t(j (0-POAF) 



tsu (POD-*) 



- t(j (0-P1AF) 



>x 



tsu (P1D-0) 



- t<j ( 0-P2QF) 



l SU (P2D-*) 



" t(j (0-R/WF) 



x>: 



t(j( *~P3 0 Q) 



" *d ((*~SYNCF) 



t(j ((*-P3,Q) 



' t(j ( 0-POQF) 



xcz 

\ 



X 



th (0-POD) 
^~ t(j ( 0-P1QF) 



th(0-piD) 



>: 



th (0-P2D) 
'— t(j (0-P3 o QF) 



- td (*-p 



x= 
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In memory expanding mode and microprocessor mode 



Port PO output 



Port P1 output 



Port P2 output 



Port P2 input 



Port P3 0 output (R/W) 



Port P3, output (SYNC) 



\ / 



X 



-t(j (<fr-POA) 



X 



-t<J U-P1A) 



floating 



X 



- t(J (*-R/W) 



td (<>-SYNC) 



- t(j (*-P2Q) 



tsU (P2D-*) 



X 



X 



- t(j (*-P2QF) 



x:::: 



- th (*-P2D) 



X 
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PROM VERSION of M37420M6-XXXSP 



DESCRIPTION 

The M37420E6-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
52-pin shrink plastic molded DIP. The features of this chip 
are similar to those of the M37420M6-XXXSP except that 
this chip has a 12288 bytes PROM built in. This single-chip 
microcomputer is useful for home electrical appliances and 
consumer appliance controllers. 

In addition to its simple instruction sets, the PROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose PROM 
writers can be used for the built-in PROM, this chip is suit- 
able for small quantity production runs. 
The M37420E6SS is the window type. 

FEATURES 

• Number of basic instructions 69 

• Memory size ROM 12288 bytes 

RAM 256 bytes 

• Instruction execution time 

1//s (minimum instructions at 8MHz frequency) 

• Single power supply 5V±5% 

• Power dissipation 

normal operation mode (at 8MHz frequency) ••30mW 

• Subroutine nesting 96 levels (Max.) 

• Interrupt 7 types, 5 vectors 

• 8-bit timer 4 

• Programmable I/O ports 

(Ports PO, P1, P2, P3, P4, P5, P6) 42 

• Input port (Port P5) 4 

• Serial I/O (8/16-bit) 1 

• A-D converter (8-bit) • • 4 

• D-A converter ( 8-bit) 2 

• 14-bit PWM function 

• Watchdog timer 

• PROM (equivalent to the M5L27128) 

program voltage 21V 

APPLICATION 

Office automation equipment 

VCR, Tuner, Audio-visual equipment 



PIN CONFIGURATION (TOP VIEW) 



I/O port 
P6 



I/O port 
P4' 



I/O port 
P3 



I/O port 
P5 



P6 3 ~ 
P6 2 -~ 
P6i/DA 2 ++ 
PBo/DAt 
P4 7 /AN 7 
P4 6 /AN 6 *+ 
P4 5 /AN 5 ~ 
P4 4 /AN 4 ** 
P3 7 / Sr D y •*-* 
P3 6 /CLK~ 
P3 5 /S OU t/CE *♦ 
P3 4 /S, N /OE <~ 
P3 3 /CNTR/PGM <-> 
P3 2 -> 
PVlNTg +* 
PSq/INTt ~ 
P5 7 /PWM +♦ 
P5 6 /YPLS «- 
P5 5 /Q ** 
P5 4 /VPLS ++ 
Input port P5 P5 3 /T/ED 3 Qn 
CNVss/V P p > 



Reset input 
Clock input 
Clock output 



RESET - 

Xqut * 
V SS 



5i]^P2o/Do 
U^P2 1 /D 1 
H*>P2 2 /D 2 
48j*>P2 3 /D 3 
£l^P2 4 /D 4 
H~P2 5 /D 5 
H~P2 6 /D 6 
44]^P2 7 /D 7 
U^-POo/Ao 

4l]^P0 2 /A 2 
4o]~P0 3 /A 3 
H^P0 4 /A 4 
U~P0 5 /A 5 
U^P0 6 /A 6 
U**P0 7 /A 7 
H~P1 0 /A 8 
iJ^P^/Ag 
H^P1 2 /A 10 

m—PVAn 

3D^P1 4 /Ai 2 
U^P1 5 /A 13 
U^-P5 0 /ED C 
U-^P^/ED! 
27l^-P5 2 /ED ; 



I/O port 
P2 



I/O port 
PO 



I/O port 



Input 
port 
P5 



_ tl . 52P4B (OTP) 
Outline 52S1 (Window ) 
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M37420E6-XXXSP BLOCK DIAGRAM 



Clock input Clock output 

X|N X 0 UT 



Reset input 
RESET 



CNVss 



Clock generating 
circuit 



Watchdog timer 



TV 



RAM 
256 bytes 



7V 



Program 


Program 


counter 


counter 


PC H (8) 


PC L (8) 



PROM 
1 2288 bytes 



8-bit 
arithmetic 

and 
logical unit 

— TV 



Accumulator 
A(8) 



$2. 



Processor 
status 
register 
PS(8) 
— TV — 



Index register 
X(8) 



Index register 
Y(8) 



TV 



S2l 



Stack pointer 
S(8) 



7V 



c 



c 



3l 



Prescaler 
PRE12(8) 



Timer 1 
T1(8) 



Timer 2 
T2(8) 



Prescaler 
PRE3(8) 



It 



Timer 3 
T3(8) 



Prescaler 
PREX(8) 



Timer X 
TX(8) 



CNTR 



TV 



D-A 

converter(8) 



P6(4) 

T 



Pulse width 
modulator(14) 



tv ry 

ii 



TV 



V pulse 
Ypulse 
generator 



| P5(8) 



TV 



A-D 
converter(8) 



12 



| P4(4) 



ii. 



S I/O 
(16) 



T 



TV 



P3(8) | 



TV 



vV 



V 7 



P2(8) 



12 



Instruction 
register(8) 



Instruction 
decoder 



Control signal 



7V 



12 



P1(6) | I P0(8) 



I/O port P6 



— @®<mm>h^ ©IxM) @!>®@^ 

I/O port P5 I/O port P4 I/O port P3 I/O port P2 I/O port P1 I/O port PO 



■o 

o 
S 

< 
m 

5 



W 
* 
O 

3 

■ 

X 
X 
X 

(ft 



w 

o 
m 

(0 



2 

w 

O 

m 

i 

X 
X 
X 

(/> 



H 

c 

2 

35 



o 

3D 
O 
O 

o 
s 

c 

H 

m 

01 
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FUNCTIONS OF M37420E6-XXXSP 



Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


]/us (minimum instructions, at 8MHz frequency) 


Clock frequency 


8MHz 


Memory size 


PROM 


12288 bytes (Notel ) - 


RAM 


256 bytes 


Input/Output ports 


PO, P1,P2,P3,P4,P5 4 ~P5 7 , P6 


I/O 


8-bitX3, 6-bitX1, 4-bitX3 


P5 0 ~P5 3 


Input 


4-bitXl 


Serial I/O 


8-bitX1 or 16-bitX1 


Timers 


8-bit prescalerX3+8-bit timerX4 


A-D conversion 


8-bitX1 (4 channels) 


D-A conversion 


8-bitX2 


Pulse width modulator 


14-bitX1 


Watchdog timer 


15-bitX1 


Subroutine nesting 


96 levels (max) 


Interrupt 


Two external interrupts, three internal timer interrupts (or timerX2, S I/OX1) 


Ciock generating circuit 


built-in (ceramic or quartz crystal oscillator) 


Supply voltage 


5V±5% 


Power dissipation 


30mW (at 8MHz frequency) 


Input/Output characteristics | Input/Output voltage 


12V (Ports PO, P1, P3) 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate process 


Package 


M37420E6-XXXSP 


52-pin shrink plastic molded DIP 


M37420E6SS 


52-pin shrink ceramic DIP 



Note 1 : The PROM programing voltage is 21V (equivalent to the M5L27128) 
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PIN DESCRIPTION 



Pin 


Mode 




Input/ 
Output 


Functions 


Vcc, 
V ss 


Single-chip 
/EPROM 


Power supply 




Supply 5V±5% to Vcc and OV to V S s This voltage can be used as reference vol- 
tage for A-D or D-A converter 


CNV S s 
/V PP 


Single-chip 


CNVss input 


Input 


Connect to OV 


EPROM 


V PP input 


Connect to V PP when programming or verifing 


RESET 


Single-chip 


RESET input 


Input 


To reset, keep this input terminal low for more than 2//s (mm) under normal V C c 
conditions If more time is needed for the crystal oscillator to stabilize, this "L" con- 
dition should be maintained for the required time 


EPROM 


RESET input 


Connect to V S s 


X, N 


Single-chip 
/EPROM 


Clock input 


Input 


Connect a ceramic or a quartz crystal oscillator between X| N and X 0 ut for clock 
oscillation If an external clock input is used, connect the clock input to the X| N pin 
and open the Xout pin. 


XoUT 


Clock output 


Output 


P0 0 ~P0 7 


Single-chip 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with direction registers which can program each bit as 
input or output It is set to input mode at reset The output format is N-ch open drain 


EPROM 


Address input A 0 ~A 7 


Input 


PO works as the lower 8 bit address input (A 0 ~A 7 ) 


P1o~P1s 


Single-chip 


I/O port P1 


I/O 


Port P1 is an 6-bit I/O port which has the same function as port PO 


EPROM 


Address input A 8 ~A 13 


Input 


P1 0 ~P15 works as the higher 6 bit address inputs (A 8 ~A 1 3) 


P2 0 ~P2 7 


Single-chip 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port which has the same function as port PO The output for- 
mat is CMOS 


EPROM 


Data input/ output D 0 ~D7 


I/O 


Port 2 works as an 8 bit data bus (D 0 ~D 7 ) 


P3 0 ~P3 7 


Single-chip 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same function as port PO When 
serial I/O is used, P37, P36, P3 5 , and P3 4 work as S RD y. CLK, S 0 ut, and S )N pins, re- 
spectively Also P3 3 , P3^ and P3 0 work as CNTR pin, INT 2 and IN^ respectively 
The output format is N-ch open drain 


EPROM 


Input Port P3 


Input 


P3 5) P3 4 and P3 3 work as CE, OE and PGM inputs respectively Connect P3 0 ~P3 2 to 
OV and P3 7 and P3 6 to V C c 


P4 4 ~P4 7 


Single-chip 


I/O port P4 


I/O 


Port P4 is an 4-bit I/O port which has the same function as port PO Ports P4 7 ~P4 4 
are common with analog inputs AN 7 ~AN 4 The output format is N-ch open drain 


EPROM 


Select mode 


Input 


Connect to OV 


P5 0 ~P5 3 


Single-chip 


Input port P5 


Input 


P5o~P53 are input port These port can be used as edge-sence input P5o~P52 de- 
tects rising edge, and P5 3 detects both rising and falling edge P5 3 is also common 
with external trigger output and V pulse, Y pulse generator trigger input 


EPROM 




Input 


Connect to OV 


P5 4 ~P5 7 


Single-chip 


I/O port P5 


I/O 


P5 4 ~P5 7 is I/O port and has basically the same function as port PO P5 7 is common 
with PWM The output format is CMOS output 


EPROM 




Input 


Connect to OV 


P6 0 ~P6 3 


Single-chip 


I/O port P6 


I/O 


Port P6 is 4-bit I/O port and has basically the same function as port PO P6 0 and P61 
are common with DA-\ and DA 2 respectively 
The output format is CMOS output 


EPROM 




Input 


Connect to OV 
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EPROM MODE 

The M37420E6-XXXSP or M37420E6SS features an EPROM 
mode in addition to its normal modes. When the RESET 
signal level is low ("L"), the chip automatically enters the. 
EPROM mode. Table 1 list the correspondence between 
pins and Figure 1 and Figure 2 give the pin connections in 
the EPROM mbde. When in the EPROM mode, ports PO, 
P1, P2, P3 3 ~P3 5( and CNV SS are used for the PROM 
(equivalent to the M5L27128) . When in this mode, the 
built-in PROM can be written to or read from using these 
pins in the same way as with the M5L27128. The oscillator 
should be connected to the X, N and X OU t pins, or external 
clock should be connected to the X|n pin. 



Table 1. Pin function in EPROM mode 





M37420E6-XXXSP, M37420E6SS 


M5L27128 


Vcc 


V C c 


Vcc 


Vpp 


CNVss/Vpp 


Vpp 


Vss 


V S s 


V SS 


Address input 


Ports PO, P1 


A 0 ~A 13 


Data I/O 


Port P2 


D 0 ~D 7 


CE 


P3 5 /CE 


CE 


OE 


P3 4 /OE 


OE 


PGM 


P3 3 /CNTR/PGM 


PGM 



Ceramic I 
oscillating j 
circuit I Q~ 



-P6 3 ^[ 
-P6 2 ++ 



-P6 1 /DA 2 ^ 
-P6 0 /DA 1 < 
-P4 7 /AN 7 < 
-P4 6 /AN 6 - 
-P4 5 /AN 5 - 
-P4 4 /AN 4 « 

- P3 7 / Sr D y + 

- P3 6 /CLK + 
-P3 5 /Sout " 

- P3 4 /S IN < 



-P3 3 /CNTR++[l3 



-P3 2 ~l 



-P^/INTz" 
-PVINT! < 



-P5 7 /PWM 
-P5 6 /YPLS 
P5 5 /Q 



01 

P5 4 /VPLS H 



-P5 3 /T/ED C 
CNV SJ 



- RESET - 



"XoUT * 

-Vss 



2 

CO 

■tk 
N> 
O 

m 
o> 

CO 
CO 



X 
X 
X 
CO 
13 



IB- 

49|++ 

g~ 
g- 
g« 

44}—* 

£3 li- 
fe D- 
m U~ 



2§]+- 



P2 0 /D 0 — 
P2 1 /D 1 - 
P2 2 /D 2 — 
P2 3 /D 3 — 
P2 4 /D 4 — 
P2 5 /D 5 - 
P2 6 /D 6 — 
P2 7 /D 7 - 
PO0/A0 — 
POi/A! — 
P0 2 /A 2 — 
P0 3 /A 3 — 
PO4/A4 ~ 
P0 5 /A 5 — 
P0 6 /A 6 — 
P0 7 /A 7 — 
P1o/A 8 — 
P1i/A 9 — 
►P1 2 /A 10 - 
^P1 3 /An- 
►P1 4 /A 12 - 
►P1 5 /A 13 - 
P5o/ED 0 - 
P^/EDt - 
P5 2 /ED 2 - 



-<S> 

-CdD 
-C5D 



77>V S < 



T^Vs: 



O Same function as M5L27128 



Fig. 1 Pin connection in EPROM mode 
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PROM READING, WRITING AND ERASING 
Reading 

To read the PROM, set the CE and OE pins to a "L" level, 
and the PGM pin to a "H" level. Input the address of the 
data (A 0 ~A 13 ) to be read and the data will be output to the 
I/O pins D 0 ~D 7 . The data I/O pins will be floating when 
either the CE or OE pins are in the "H" state. 

Writing 

To write to the PROM, set the CE pin to a "L" level and the 
OE pin to a "H" level. The CPU will enter the program 
mode when V PP is applied to the V PP pin. The address to 
be written to is selected with pins A 0 ~A 13 , and the data to 
be written is input to pins D 0 ~D 7 . Set the PGM pin to a "L" 
level to begin writing. 

Erasing 

Data can only be erased on the M37420E6SS ceramic 
package, which includes a window. To erase data on this 
chip, use an ultraviolet light source with a 2537 Angstrom 
wave length. The minimum radiation power necessary for 
erasing is 15W«s/cm 2 . 

NOTES ON HANDLING 

(1) Sunlight and fluorescent light contain wave lengths 
capable of erasing data. For ceramic package types, 
cover the transparent window with a seal (provided) 
when this chip is in use. However, this seal must not 
contact the lead pins. 



(2) Before erasing, the glass should be cleaned and stains 
such as finger prints should be removed thoroughly. If 
these stains are not removed, complete erasure of the 
data could be prevented. 

(3) Since a high voltage (21V) is used to write data, care 
should be taken when turning on the PROM writer's 
power. 

(4) For the programmable microcomputer (shipped in 
blank or OTP type) , Mitsubishi does not perform 
PROM write test and screening in the assembly pro- 
cess and following process. To improve reliability after 
write, performing write and test according to the flow 
below before use is recommended. 



Writing with PROM writer 
Screening (Note) (Leave at 150°C for 40 hours) 
Verify test with PROM writer 

-Ur 

Function check in target device 



Note ' Since the screening temperature is higher than 
storage temperature, never expose to 150°C ex- 
ceeding 100 hours. 



Table 2. I/O signal in each mode 



Pin 

Mode — 


CE(11) 


OE(12) 


PGM(13) 


V PP (22) 


V C c(52) 


Data I/O 
(44-51 ) 


Read-out 


v, L 


V, L 


V, H 


Vcc 


Vcc 


Output 


Programming 


V, L 


V, H 


Pulse(V IH — V IL ) 


V P p 


Vcc 


Input 


Programming verify 


V IL 


V IL 


V, H 


Vp P 


Vcc 


Output 


Program disable 


V, H 


X 


X 


v PP 


Vcc 


Floating 



Note 1 V| L and V tH indicate a "L" and "H" input voltage, respectively 
2 : An X indicates either V| L or V, H 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V CC 


Supply voltage 


With respect to V S s 

With the output transistor cut-off 


-0. 3~ 7 


V 


v, 


Input voltage X| N , RESET 


-0. 3~ 7 


V 


v, 


Input voltage P2 0 ~P2 7 , P4 4 ~P4 7 , P5 4 ~P5 7 , P6 0 ~P6 3 


-0. 3~Vcc+0. 3 


V 


v, 


Input voltage P0 0 ~P0 7 , P1 0 ~P15. P3 0 ~P3 7 , P5 0 ~P5 7 


-0. 3—13 


V 


v, 


Input voltage CNVss 


-0.3-13 (Notel) 


V 


V 0 


Output voltage P2 0 ~P2 7 , P4 0 ~P4 7 , P5 4 ~P5 7 , P6 0 ~P6 3 


-0. 3~Vcc+0. 3 


V 


Vo 


Output voltage P0 0 ~P0 7 , P1o~P1s. P3 0 ~P3 7 


-0. 3—13 


V 


Pd 


Power dissipation 


T a =25°C 


1000 


mW 


T opr 


Operating temperature 




-10—70 


°C 


Tstg 


Storage temperature 




-40-125 


°C 


Note 1 : In EPROM programming mode, CNV SS is 22. OV 

RECOMMENDED OPERATING CONDITIONS (V CC =5V±5%, T a =-10~70°C, unless otherwise noted) 


Symbol 


Parameter 


Limits 


Unit 




Mm 


Typ 


Max 


Vcc 


Supply voltage 


4. 75 


5 


5. 25 


V 


V ss 


Supply voltage 




0 




V 


V, H 


"H" input voltage P0 0 ~P0 7 , P1 0 ~P15, P2 0 ~P2 7 , 
P3 0 ~P3 7> P4 4 ~P4 7) P5o~P5 7 , 
P6 0 ~P6 3 , RESET, X, N 


0. 8V CC 




Vcc 


V 


V, L 


"L" input voltage P0 0 ~P0 7 , P1 0 ~P15, P2 0 ~P2 7 , 
P3 0 ~P3 7 , P4 0 ~P4 7 , P5 0 ~P5 7 , 
P6 0 ~P6 3 , CNVss 


0 




0. 2V CC 


V 


V, L 


"L" input voltage RESET 


0 




0. 12V CC 


V 


V IL 


"L" input voltage X| N 


0 




0. 16V C c 


V 


'oL(peak) 


"L" peak output current P0 0 ~P0 7 , P1 0 ~P15- P2 0 ~P2 7 , 
P3 0 ~P3 7 , P4 0 ~P4 7 (Note 2 ) 






10 


mA 


'oL(peak) 


"L" peak output current P6 0 ~P6 3 (Note 2 ) 






10 


mA 


'oL(avg) 


"L" average output current P0 0 ~P0 7 , P1 0 ~P15, P2 0 ~P2 7 , 
P3 0 ~P3 7 , P4 4 ~P4 7 (Notel ) 






5 


mA 


lou(avg) 


"L" average output current P6 0 ~P6 3 (Note 1 ) 






5 


mA 


'oH(peak) 


"H" peak output current P2 0 ~P2 7 , P5 4 ~P5 7 , 
P6 0 ~P6 3 (Note 2 ) 






-10 


mA 


'oH(avg) 


"H" average output current P2 0 ~P2 7 , P5 4 ~P5 7 , 
P6 0 ~P6 3 (Notel ) 






-5 


mA 


f(x IN ) 


Internal clock oscillating frequency 






8 


MHz 



Note 1 The average output currents louavg) and loH(avg) are tne average value of a period of 100ms. 

2 : Do not allow the combined low- level output current of ports P0, PI , P2, P3, P4 and P6 to exceed 
80mA 

Do not allow the combined high- level output current of port P2, P5 and P6 to exceed 50mA 
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ELECTRICAL CHARACTERISTICS ( V CC =5V, V ss =0V, T a =25°C , f (X 1n )=8MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm. 


Typ 


Max 


VqH 


"H" output voltage P2 0 ~P2 7 , P5 4 ~P5 7 , P6 0 ~P6 3 


l O H=-10mA 


3 






V 


Vol 


"L" output voltage P0 0 ~P0 7 , P1o~P1s, P2 0 ~P2 7 , 
P3 0 ~P3 7 , P4 0 ~P4 7l P5 4 ~P5 7 , 
P6 0 ~P6 3 


l OL =10mA 






2 


V 


V T +-V T _ 


Hysteresis P3 0 , P3i 


When used as INT input 


0.3 




1 


V 


v T +-v T _ 


Hysteresis P3 6 


When used as CLK input 


0.3 


0.8 




V 


V T +-V T - 


Hysteresis P3 3 


When used as CNTR input 


0.5 


1 




V 


v T +-v T _ 


Hysteresis P5 3 


When used as T input 


0.5 


1 




V 


v T +-v T _ 


Hysteresis RESET 






0.5 


0.7 


V 


v T+ -v T _ 


Hysteresis X| N 




0.1 




0.5 


V 


Iil 


"L" input current P0 0 ~P0 7l P1o~P1s, P2 0 ~P2 7 , 
P3 0 ~P3 7 , P4 0 ~P4 7 , P5 0 ~P5 7l 
P6 0 ~P6 3 


V,=0V 






— 5 




I.L 


"L" input current RESET, X| N 


v,=ov 






—5 


juA 


l<H 


"H" input current P0 0 ~P0 7 , P1 0 ~P15. P3 0 ~P3 7> 
P5 0 ~P5 3 


V|=12V 






12 


juA 


llH 


"H" input current INTi, RESET, X| N , P2 0 ~P2 7 , 
P4 4 ~P4 7 , P5 4 ~P5 7 , P6 0 ~P6 3 


V,=5V 






5 




Vram 


RAM retention voltage 


At clock stop 


2 






V 


'cc 


Supply current 


0> Xout. arid D-A pins 
opened, other pins at 
Vss. and A-D converter 
in the finished condi- 
tion 


f(X, N )=8MHz 
Square wave 




6 


15 


mA 



A-D CONVERTER CHARACTERISTICS (V C c=5V, v S s=AV S s=0V, T a =25°C, f(X, N )=8MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max. 




Resolution 


Vref=V cc 






8 


Bits 




Absolute accuracy 


Vref = V C c 






•±3 


LSB 


Rladder 


Ladder resistance value 


Vref = Vcc 


2 




10 


kH 


tcorsiv 


Conversion time 








25 


us 


V,A 


Analog input voltage 




0 




Vcc 


V 



D-A CONVERTER CHARACTERISTICS (V CC =5V, V S s=AV S s=0V, T a =25 0 C, f(X IN )=8MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 




Resolution 


Vref == V C c 






8 


Bits 




Error in full scale range 


Vref=V C c 






±2 


% 


tsu 


Setup time 


Vref = Vcc 






3 


MS 


Ro 


Output resistance 


Vref = Vcc 


1 


2 


4 
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DESCRIPTION 

The M37424E8-XXXSP, M37524E4-XXXSP are single-chip 
microcomputers designed with CMOS silicon gate technol- 
ogy. They are housed in a 64-pin shrink plastic molded 
DIP. The features of these chips are similar to those of the 
M37424M8-XXXSP, M37524M4-XXXSP except that these 
chips have a 16»384 bytes PROM built in. These single-chip 
microcomputers are useful for home electrical appliances 
and consumer appliance controllers. 
In addition to its simple instruction sets, the PROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose PROM 
writers can be used for the built-in PROM, these chips are 
suitable for small quantity production runs. 
The differences between the M37424E8-XXXSP and the 
M37524E4-XXXSP are noted below. The following explana- 
tions apply to the M37424E8-XXXSP. 
Specification variations for other chips are noted accor- 
dingly. 



Type name 


Port P1 output structure 


M37424E8-XXXSP 


CMOS 


M37524E4-XXXSP 


N-channel open drain 



FEATURES 

• Number of basic instructions 70 

68 MELPS 740 basic instructions +2 multiply/divide in- 
structions 

• Memory size PROM 16384 bytes 

RAM 256 bytes 

• Instruction execution time 

1/u$ (minimum instructions, at 4MHz frequency) 

• Single power supply 5V±10% 

• Power dissipation 

normal operation mode (at 4MHz frequency) 30mW 

• Subroutine nesting 96 levels (Max.) 

• Interrupt 16 types, 16 vectors 

• 8-bit timer 4 

• 16-bit timer 1 

• Serial I/O (8-bit or 16-bit) 1 

• PWM output (14-bit) 1 

• A-D converter (8-bit resolution) 8-channel 

• D-A converter (5-bit resolution) 2 

• D-A converter (8-bit resolution) 2 

• Watchdog timer 

• External trigger output ( 1 -bit) 1 

• V pulse Y pulse generator 

• Programmable I/O ports 

(Ports P0, PI, P2, P3, P4, P5, P6) - : 56 

• PROM (equivalent to the M5L27256) 

• Program voltage 1 2.5V 



PIN CONFIGURATION (TOP VIEW) 


Vcc LL 




c^n - - do /o 

D4J ■*-*■ P<J 0 /b| N 


r-"~ 

Vr EF --H 




PSt/SouT 


P4 7 /AN 7 **[T 




U^P3 2 /CLK 


P4 6 /AN 6 **[T 




10 P3 3 /S RDY 


P4 5 /AN 5 {£ 




cr\l ^ ^ no IT 

60J P3 4 /T 0 ut 


oa /am ■*-*■ 




59I pr> 


P4 3 /AN 3 [T 




58|*+ P3 6 


P4 2 /AN 2 1°. 




57J P3-? 


DA /AKI - - 1 " 




m P0o 


DA /AKI 1 » lin 

r4o/ANo ^*LL2 




rrI pn 

221 r U-| 


DA /nA « > |1 1 




54] ■*"** P0 2 


Dd /r\ a - - I1 0 
rOQ/ U A3 12£ 




Dfi 


DC / r\ A - - 1 1 0 

PD5/DA2 •*-»-|i3 




52I P04 


PD4/DA! 


CO CO 




P63/UNTR1 *"M'3 

P6 2 /CN"TR 0 "*•* HI 

D(Z /T/IMT t > 117 
KD1 / I / 1 IN 1 1 ^* 1 1 1 


7424E8- 
or 
7524E4- 


50j P0 6 
49j +♦ PO7 

4fH -4-k- P1 


DG /IKIT" ~ ~ 1 1 f> 

P60/INT0 l]o 


X X 
X X 


Hzl "*■*■ pii 


P5 7 /YPLS [l9 


X X 


46l ■*■*■ P1 9 


P5 6 /VPLS +*• Ho 


CO CO 
TJ TJ 


]|]*+ P1 3 


P5 5 /Q H 




U^pi 4 


P5 4 /PWM <~ [22 




1-P15 


P5 3 /INT 5 ^H 




H**pi 6 , 


P5 2 /INT 4 ^|1 




U-pi 7 


P5i/INT 3 ^H 




40]^P2o 


P5 0 /INT 2 **[1 




H** P2! 


CNVss M 




3{0++ P2 2 


RESET — ► |H 






X,N-^H 




»|+* P2 4 


XOUT-H 




1-P2 5 






13^P2 6 


V ss (32 




P2 7 


Outline 64P4B 



APPLICATION 

Office automation equipment 
VCR equipment 
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TV 



TV 
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FUNCTIONS OF M37424E8-XXXSP 



Parameter 


Functions 


Number of basic instructions 


70 (68 ME LPS 740 basic instruct! ons+2) 


Instruction execution time 


1/us (minimum instructions, at 4MHz frequency) 


Clock frequency 


4MHz 


Memory size 


PROM 


16384 bytes 


RAM 


256 bytes 


Input/Output ports 


PO, P1, P2, P3, P4, P5, P6 | I/O 


8-bitX7 


Serial I/O 


8-bit or 16-bitXl 


Timers 


8-bitX4, 16-bitX1 


A-D conversion 


8-bitX1 (8 channels) 


D-A conversion 


5-bitX2, 8-bitX2 


Pulse width modulator 


14-bitXl 


Watchdog timer 


15-bitX1 


Subroutine nesting 


96 levels (max ) 


Interrupt 


16 (external 8, Internal 8) 


Clock generating circuit 


Built-in (ceramic or quartz crystal oscillator) 


Supply voltage 


5V±10% 


Power dissipation 


30mW (at 4MHz frequency) 


Operating temperature range 


-10 to 70°C 


Device structure 


CMOS silicon gate 


Package 


64-pin shrink plastic molded DIP 



PIN DESCRIPTION 



Pin 


Mode 


Name 


Input/ 
Output 


Functions 


Vcc. 
V SS 


Single-chip 

/EPROM 


supply voltage 




Power supply inputs 5V±10% to V C c. and 0V to V S s 


CNVss 


Single-chip 


CNVss 




This is usually connected to V S s 


EPROM 


Vpp input 


Input 


Connect to V PP when programming or verifing 


Vref 


Single-chip 


Reference voltage input 


Input 


Reference voltage input pin for A-D and D-A converter 


EPROM 


Reference voltage input 


Input 


Connected to V S s 


RESET 


Single-chip 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 4a<s 
(under normal V C c conditions) If more time is needed for the crystal oscillator to 
stabilize, this "L" condition should be maintained for the required time 


EPROM 


Reset input 


Input 


Connected to V S s- 




Single-chip 

/EPROM 


Clock input 


Input 


This chip has an internal clock generating circuit To control generating frequency, 
an external ceramic or a quartz crystal oscillator is connected between the X !N and 
Xout pms. If an external clock is used, the clock source should be connected the 
Xin pm and the Xout pm should be left open 


XoUT 


Clock output 


Output 




Single-chip 

/EPROM 


Timing output 


Output 


This is the timing output pin 


po 0 -po 7 


Single-chip 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional register allowing each I/O bit to be indi- 
vidually programmed as input or output At reset, this port is set to input mode The 
output structure is CMOS output 


EPROM 


Address input A 0 -A 7 


Input 


PO works as the lower 8-bit address input 



3-482 



MITSUBISHI MICROCOMPUTERS 

M37424E8-XXXSP 
M37524E4-XXXSP 

PROM VERSION of M37424M8-XXXSP.M37524M4-XXXSP 



PIN DESCRIPTION (Continue) 



Pin 


Mode 


Name 


Input/ 
Output 


Functions 


PI0-PI7 


Single-chip 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO The out- 
put structure of M37424M8-XXXSP is CMOS output and that of M37524M4-XXXSP is 
N-channel open drain output 


EPROM 


Address input A 8 -A-| 4 


Input 


P1 0 to P1 6 works as the higer 8-bit address input 
Connect V C c to P1 7 


P2 0 -P2 7 


Single-chip 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO The out- 
put structure is CMOS output 


EPROM 


Data input/ output 
D 0 ~D 7 


I/O 


P2 works as an 8-bit data bus 


P3 0 -P3 7 


Single-chip 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO When 
serial I/O is used, P3 3 , P3 2 , P3i, and P3o work as Srdy. CLK, Sout. and Sin pins, re- 
spectively Also P3 4 works as T 0 ut pm The output structure is N-channel open 
dram 


EPROM 


Select mode 


Input 


P3 3 and P3 4 works as CE and OE inputs respectively 
Connect V C c to P3 0 -P3 2 . Connect V S s to P3 5 -P3 7 


P4 0 -P4 7 


Single-chip 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port and has basically the same functions as port PO P4o to 
P4 7 work as analog input port AN 0 to AN 7 


EPROM 


Input port P4 


Input 


Connected to Vss 


P5 0 -P5 7 


Single-chip 


I/O port P5 


I/O 


Port P5 is an 8-bit I/O port and has basically the same functions as port PO P5 7 , 
P5 6 , P5 5 , P5 4 and P5 3 to P5 0 are in common with the YPLS output, VPLS output, Q 
output, PWM output and interrupt input respectively 


EPROM 


Input port P5 


Input 


Connected to V S s 


P6 0 -P6 7 


Single-chip 


I/O port P6 


I/O 


Port P6 is an 8-bit I/O port and has basically the same functions as port PO P6 7 to 
P6 4 , P6 3 , P6 2 , and P61, P6 0 are in common with the D-A output, CNTR output and in- 
terrupt input respectively 


EPROM 


Input port P6 


Input 


Connected to V S s 
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EPROM MODE 

The M37424E8-XXXSP features an EPROM mode in addi- 
tion to its normal modes. When the RESET signal level is 
low ("L"), the chip automatically enters the EPROM mode. 
Table 1 list the correspondence between pins and Figure 1 
gives the pin connection in the EPROM mode. When in the 
EPROM mode, ports PO to P2, P3 3) P3 4 , CNV SS are used for 
the PROM (equivalent to the M5L27256) . When in this 
mode, the built-in PROM can be written to or read from us- 
ing these pins in the same way as with the M5L27256. The 
oscillator should be connected to the X, N and Xout pins, or 
external clock should be connected to the Xin pin. 



Table 1. Pin function in EPROM mode 





M37424E8-XXXSP 


M5L27256 


Vcc 


Vcc 


Vcc 


Vpp 


CNVss 


V P p 


Vss 


Vss 


Vss 


Address input 


Ports PO, P1 0 -P1 6 


A 0 -A 14 


Data I/O 


Port P2 


D 0 -D 7 


CE 


P33 


CE 


OE 


P3 4 


OE 



(vpp)- 



Vcc 

V REF - 

P4 7 /AN 7 « 

P4 6 /AN 6 « 

P4 5 /AN 5 < 

P4 4 /AN 4 « 

P4 3 /AN 3 < 

P4 2 /AN 2 < 

P4 1 /AN 1 < 

P4 0 /AN 0 < 

« P6 7 /DA 4 * 

P6 6 /DA 3 « 

P6 5 /DA 2 « 

P64/DA! - 

— P63/CNTR1 - 

— P6 2 /CNTR 0 - 

— PB^T/INT, - 

— P60/INT0" 

— P5 7 /YPLS - 

— P5 6 /VPLS « 
P5 5 /Q 

— P5 4 /PWM 

— P5 3 /INT 5 

— P5 2 /INT 4 

— P5T/INT3 

— P5 0 /INT 2 
CNV SS 



E 
►E 
*E 
*E 
*E 
*E 
*E 
*E 
*E 

*E 

+m 
+m 

*E 

^[20 



~1 



• RESET - 



~E 

-E 
H 



64]^P3o/S, N - 



-G-Vc, 



CO 

01 



X 
X 
X 

in 

U 



IV) 



X 
X 
X 
C/3 
"0 



^1* 



49]^ 
46]-^ 

!~ 

44]^ 

!~ 



1* 

36] « 

33] 



P3i/Sout " 
P3 2 /CLK - 
P3 3 /Srdy 
P3 4 /Tout " 

P3 5 

P3 6 

P3 7 , 

POo 

PO, 

P0 2 

P0 3 

P0 4 

P0 5 

P0 6 

P0 7 

P1 0 

P1, 

P1 2 

P1 3 

P1 4 

P1 5 — 

P1e 

P1 7 

P2 0 

P2, 

P2 2 

P2 3 

P2 4 

P2 5 

P2 6 

P2 7 



"© 
~® 
~® 

-® 
-® 
-© 



-® 
-© 

-© 
-© 
-© 



-© 
-© 
-© 
-© 
-© 
-© 
-® 
-© 



77T V ss 



-Q- Vc, 



O : Same functions as M5L27256 



Fig.1 Pin connection in EPROM mode 
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PROM READING AND WRITING 
Reading 

To read the PROM, set the CE and OE pins to a "L" level. 
Input the address of the data (A 0 -A 14 ) to be read and the 
data will be output to the I/O pins D 0 -D 7 . The data I/O pins 
will be floating when either the CE or OE pin is in the "H" 
state. 

Writing 

To write to the PROM, set the OE pin to a "H" level. The 
CPU will enter the program mode when V PP is applied to 
the Vpp pin. The address to be written to is selected with 
pins A 0 -A 14 , and the data to be written is input to pins D 0 - 
D 7 . Set the CE pin to a "L" level to begin writing. 

Notes on Writing 

When using an PROM writer, the address range should be 
between 4000 16 and 7FFF 16 . When data is written between 
addresses 0000 16 and 7FFF 16 , fill addresses 0000 16 to 
3FFF 16 with FF 16 . 



NOTES ON HANDLING 

(1) Since a high voltage (12.5V) is used to write data, care 
should be taken when turning on the PROM writer's 
power. 

(2) The PROM of the blank or the one-time programmable 
version is not tested and screened after assembly. To 
ensure proper operation after writing, we recommend 
that the procedure shown below is used to verify prog- 
ramming. 



Writing with PROM writer 



Screening (Note)(150°C for 40 hours) 




Verification with PROM writer 
Functional check in target device 



Note The screening temperature is far higher than the 
storage temperature. Do not leave the microcompu- 
ter at 150°C for longer than 100 hours. 



Table 2. I/O signal in each mode 



Pin 

Mode 


CE(61) 


OE(60) 


V PP (27) 


VccO) 


Data I/O 
(33 to 40) 


Read-out 


v, L 


V, L 


Vcc 


Vcc 


Output 


Output disable 


V, L 


V, H 


Vcc 


Vcc 


Floating 


Programming 


V 1L 


V, H 


Vpp 


Vcc 


Input 


Programming verify 


V,H 


V, L 


Vpp 


Vcc 


Output 


Program disable 


V, H 


V IH 


Vpp 


Vcc 


Floating 



Note 1 ' Vil and V tH indicate a "L" and "H" input voltage, respectively 



3-485 



MELPS 740 CPU CORE BASIC FUNCTIONS 



MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



MELPS 740 CPU CORE BASIC FUNCTIONS 

Each series of the MELPS 740 Family uses the standard 
MELPS 740 instruction set. The functions of the MELPS 740 
CPU core are explained below. The multiply and divide in- 
structions are not available in every microcomputer, and the 
clock control instructions differ in each microcomputer. For 
details, refer to the table of machine instruction or the func- 
tional explanation of each microcomputer. 

CENTRAL PROCESSING UNIT (CPU) INTERNAL 
REGISTERS 

The central processing unit (CPU) has the six registers. 

Accumulator (A) 

The accumulator is an 8-bit register. Data operations such 
as data transfer, etc., are executed mainly through the 
accumulator. 

Index register X (X), Index register Y (Y) 

Both index register X and index register Y are 8-bit regis- 
ters. In the index addressing modes, the value of the 
OPERAND is added to the contents of register X or register 
Y and specifies the real address. 

These index registers also have increment, decrement, 
comparison, and data transfer functions to allow these reg- 
isters to take some of the functions of the accumulator. 
When the T flag in the processor status register is set to 



"1", the value contained in index register X becomes the 
address for the second OPERAND. 

Stack pointer (S) 

The stack pointer is an 8-bit register used during sub- 
routine calls and interrupts. The stack is used to store the 
current address data and processor status when branching 
to subroutines or interrupt routines. 

The lower eight bits of the stack address are determined 
by the contents of the stack pointer. The upper eight bits of 
the stack address are determined by the Stack Page 
Selection Bit. If the Stack Page Selection Bit is "0", then 
the RAM in the zero page is used as the stack area. If the 
Stack Page Selection Bit is "1", then RAM in page 1 is 
used as the stack area. 

The Stack Page Selection Bit is located in the SFR area in 
the zero page. Note that the initial value of the Stack Page 
Selection Bit varies with each microcomputer type. Also 
some microcomputer types have no Stack Page Selection 
Bit and the upper eight bits of the stack address are fixed. 
The operations of pushing register contents onto the stack 
and popping them from the stack are shown in Fig. 2. 

Program counter (PC) 

The program counter is a 16-bit counter consisting of two 
8-bit registers PC H and PC L . It is used to indicate the 
address of the next instruction to be executed. 



PC H 



Accumulator 



| X "| index Register X 

7 0 

| Y 1 index Register Y 



Stack Pointer 



Program Counter 



n|v|t[b|d 



|z | C Processor Status Register (PS) 



- Carry Flag 

- Zero Flag 

- Interrupt Disable Flag 

- Decimal Mode Flag 

- Break Flag 

- Index X Mode Flag 

- Overflow Flag 

- Negative Flag 



Fig. 1 MELPS 740 CPU register structure 
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Store Return Address 
on Stack (Note 2) 



Restore Return 
Address 



On-going Routine 



Interrupt Request 
(Note 1) 



M(S)^(PC H ) 



X 



(s)-(s-D 



X 



M(S)^(PC L ) 



X 



(s)-(s-O 
I 



Execute RTS 



X 



(S)-(S+1) 



X 



(PCl)^M (S) 



X 



(S)-(S+1) 

I 



(PCh)-M(S) 



Execute JSR 
1 



M (S) ^(PC H ) 



(s)-(s-D 



M(S) 



(S) 



M (S)-(PS) 



(S) 



(PC L ) 



(S-1) 



(S-1) 



Interrupt 
Service Routine 



Execute RTI 



(S)-(S+1) 



(PS) 



(S) 



(PC L ) 



M (S) 



(S+1) 



M (S) 



(S)-(S+1) 



(PCh)^M(S) 



Store Return Address 
on Stack (Note 2) 



Store Contents of 
Processor Status 
Register on Stack 



I Flag "0" to "1" 
Fetch the Jump 
Vector 



Restore Contents of 
Processor Status 
Register 



Restore Return 
Address 



Note 1 : The condition to enable the interrupt-* Interrupt enable bit is "1" 

Interrupt disable flag is "0" 
2 '. When an interrupt occurs, the address of the next instruction to be executed is stored in 
the stack area When a subroutine is called, the address one before the next instruction 
to be executed is stored in the stack area 



Fig. 2 Register push and pop at interrupt generation and subroutine call 
Table 1. Push and pop instructions of accumulator or processor status register 





Push instruction to stack 


Pop instruction from stack 


Accumulator 


PHA 


PLA 


Processor status register 


PHP 


PLP 
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Processor status register (PS) 

The processor status register is an 8-bit register consisting 
of flags which indicate the status of the processor after an 
arithmetic operation. Branch operations can be performed 
by testing the Carry (C) flag, Zero (Z) flag, Overflow (V) 
flag, or the Negative (N) flag. In decimal mode, the Z, V, N 
flags are not valid. 

After reset, the Interrupt disable (I) flag is set to "1", but all 
other flags are undefined. Since the Index X mode (T) and 
Decimal mode (D) flags directly affect arithmetic opera- 
tions, they should be initialized in the beginning of a 
program. 

(1) Carry flag (C) 

The C flag contains a carry or borrow generated by the 
arithmetic logic unit (ALU) immediately after an arith- 
metic operation. It can also be changed by a shift or 
rotate instruction. 

(2) Zero flag (Z) 

The Z flag is set if the result of an immediate arithme- 
tic operation or a data transfer is "0", and cleared if the 
result is anything other than "0". 

(3) Interrupt disable flag (I) 

The I flag disables all interrupts except for the interrupt 

generated by the BRK instruction. 

Interrupts are disabled when the I flag is "1". 

When an interrupt occurs, this flag is automatically set 

to "1" to prevent other interrupts from interfering until 

the current interrupt is serviced. 

(4) Decimal mode flag (D) 

The D flag determines whether additions and subtrac- 
tions are executed in binary or decimal. Binary arith- 
metic is executed when this flag is "0"; decimal arith- 
metic is executed when it is "1". Decimal correction is 
automatic in decimal mode. Only the ADC and SBC in- 
structions can be used for decimal arithmetic. 



(5) Break flag (B) 

The B flag is used to indicate that the current interrupt 
was generated by the BRK instruction. The BRK flag in 
the processor status register is always "0". When the 
BRK instruction is used to generate an interrupt, the 
processor status register is pushed onto the stack with 
the break flag set to "1". The saved processor status is 
the only place where the break flag is ever set. 

(6) Index X mode flag (T) 

When the T flag is "0", arithmetic operations are per- 
formed between accumulator and memory, e.g. the re- 
sults of an operation between two memory locations is 
stored in the accumulator. When the T flag is "1", direct 
arithmetic operations and direct data transfers are en- 
abled between memory locations, i.e. between memory 
and memory, memory and I/O, and I/O and I/O. In this 
case, the result of an arithmetic operation performed 
on data in memory location 1 and memory location 2 is 
stored in memory location 1. The address of memory 
location 1 is specified by index register X, and the 
address of memory location 2 is specified by normal 
addressing modes. 

(7) Overflow flag (V) 

The V flag is used during the addition or subtraction of 
one byte of signed data. It is set if the result exceeds 
+ 127 to —128. When the BIT instruction is executed, 
bit 6 of the memory location operated on by the BIT in- 
struction is stored in the overflow flag. 

(8) Negative flag (N) 

The N flag is set if the result of an arithmetic operation 
or data transfer is negative. When the BIT instruction is 
executed, bit 7 of the memory location operated on by 
the BIT instruction is stored in the negative flag. 



Table 2. Set and clear instructions of each bit of processor status register 





C flag 


Zflag 


I flag 


D flag 


Bflag 


Tflag 


Vflag 


N flag 


Set instruction 


SEC 




SEI 


SED 




SET 






Clear instruction 


CLC 




CLI 


CLD 




CLT 


CLV 
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ADDRESSING MODE 

The MELPS 740 Family has 17 addressing modes and a 
powerful memory access capability. 

When extracting data required for arithmetic and logic op- 
erations from memory or when storing the results of such 
operations in memory, a memory address must be speci- 
fied. The specification of the memory address is called 
addressing. The MELPS 740 Family instructions can be 
classified as 1-byte, 2-byte, and 3-byte instructions. In 
each case, the first byte is known as the OPCODE which 
forms the basis of the instruction. A second or third byte is 



called an OPERAND which affects the addressing. The 
contents of index registers X and Y can also effect the 
addressing. 

Although there are many addressing modes, there is always 
a particular memory location specified. What differs is 
whether the operand, the index register contents, or a com- 
bination of both should be used to specify the memory or 
jump destination. Based on these 3 types of instructions, 
the range of variation is increased and operation is en- 
hanced by combinations of the bit operation instructions, 
jump instruction, and arithmetic instructions. 



1-byte instruction 2-byte instruction 3-byte instruction 



Op code 



Op code 



Operand I 



Op code 



Operand I 



Operand II 



Index registers 



Fig. 3 Instruction byte configuration 
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Name • Immediate addressing mode 
Function : The OPERAND follows im- 
mediately after the OPCODE. 
Instructions : ADC, AND, CMP, CPX, CPY, 
EOR, LDA, LDX, LDY, ORA, 
SBC 

Example '■ Mnemonic Machine code 
ADC #$A5 69 16 A5 16 



Memory 



A^A + C+ A5, 



OPCODE (69 16 ) 



OPERAND (A5 16 ) 



Name : Accumulator addressing mode 
Function : The operation is performed on 

the accumulator. 
Instructions : ASL, DEC, INC, LSR, ROL, 

ROR 

Example '■ Mnemonic Machine code 
ROL A 2A 16 



Bit 7 



Carry flag 



8itO 



Accumulator 



AMrrsyKSHi 
ELECTRIC 
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Name 
Function 



Instructions 



Example 



: Zero page addressing mode 
i The operation is performed in 

zero page memory (00 16 to 

FF 16 ) 

ADC, AND, ASL, BIT, CMP, 
COM, CPX, CPY, DEC, EOR, 
INC, LDA, LDM, LDX, LDY, 
LSR, ORA, ROL, ROR, RRF, 
SBC, STA, STX, STY, TST 
! Mnemonic Machine code 
ADC $02 65 16 02 16 



Memory 



A-A + C+ | Data 





nn 




02 16 **" 




FF 16 






OPCODE (65 16 ) 




OPERAND (02 16 ) 











►Zero page 



Zero page 
specification 



Name 
Function 



Instructions 



Example 



: Zero page X addressing mode 
: The operation is performed on 
the zero page memory location 
whose address is specified by 
adding the OPERAND to the 
contents of index register X. 
ADC, AND, ASL, CMP, DEC, 
DIV, EOR, INC, LDA, LDY, 
LSR, MUL, ORA, ROL, ROR, 
SBC, STA, STY 

: Mnemonic Machine code 
ADC $1E,X 75 16 1E 16 



Memory 



A^-A + C + | Data | ^ 



Data 



OPCODE (75 16 ) 



OPERAND (1E 16 ) 



00 1e 



04 16 
FF 1( 



► Zero page 



Zero page X 
specification 



Contents of 
index register X 



E6 16 



1 04 n 
L-jl 



Ignored 
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Name 
Function 



Instructions 
Example 



: Zero page Y addressing mode 
: The operation is performed on 
the zero page memory location 
whose address is specified by 
adding the OPERAND to the 
contents of index register X. 
: LDX, STX 
Mnemonic Machine code 
LDX $02,Y B6 16 02 16 



Memory 



X - 



Data 



OPCODE (B6 18 ) 



OPERAND (02 16 ) 



► Zero page 



00 18 

E8 16 <- 
FF 16 



Contents of 
index register Y 



E6 1( 



Zero page Y 
specification 



E8 1( 



Name '. Absolute addressing mode 
Function '. The operation is performed on 
the memory whose address is 
specified by first and second 
OPERAND. 

Instructions : ADC, AND, ASL, BIT, CMP, 
CPX, CPY, DEC, EOR, INC, 
JMP, JSR, LDA, LDX, LDY, 
LSR, ORA, ROL, ROR, SBC, 
STA, STX, STY 

Example Mnemonic Machine code 
ADC $AD12 6D 16 12 16 AD 16 



Memory 



A-A+C+ 



Data 



OPCODE (6D 16 ) 



OPERAND I (12 16 ) 



OPERAND II (AD 16 ) 



Absolute 
specification 



A 
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Name : Absolute X addressing mode 

Function : The operation is performed on 
the memory location whose 
address is specified by adding 
the contents of index register X 
to the value indicated by the 
first and second OPERAND. 

Instructions : ADC, AND, ASL, CMP, DEC, 
EOR, INC, LDA, LDY, LSR, 
ORA, ROL, ROR, SBC, STA 

Example ' Mnemonic Machine code 
ADC $AD12,X 7D 16 12 16 AD 16 



Memory 



A+-A + C+ 1 Data | ■ 



OPCODE (7D 16 ) 



OPERAND I (12 16 ) 



OPERAND A (AD 16 ) 



Data 



Contents of 
index register X 



EE,, 



AE00 1( 



Absolute X 
specification 



AE00 16 <- 



Name : Absolute Y addressing mode 

Function : The operation is performed on 
the memory location whose 
address is specified by adding 
the contents of index register Y 
to the value indicated by the 
first and second OPERAND. 

Instructions : ADC, AND, CMP, EOR, LDA, 
LDX, ORA, SBC, STA 

Example : Mnemonic Machine code 
ADC $AD12,Y 79 16 12 16 AD 16 



Memory 



A+-A + C+ Data 



OPCODE (79 16 ) 



OPERAND I (12 16 ) 



OPERAND JJ (AD 16 ) 



Contents of 
index register Y 



+ EE n 



AE00 1( 



Absolute Y 
specification 



AE00 1( 
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Name Implied addressing mode 

Function : Implied addressing mode op- 
erations need no OPERAND. 

Instructions : BRK, CLC, CLD, CLI, CLT, 
CLV, DEX, DEY, FST, INX, INY, 
NOP, PHA, PHP, PLA, PLP, 
RTI, RTS, SEC, SED, SEI, SET, 
SLW, STP, TAX, TAY, TSX, 
TXA, TXS, TYA, WIT 

Example •' Mnemonic Machine code 
CLC 18 16 



PS 



PS 



Carry flag reset 



Name 
Function 



Instructions 



Example 



: Relative addressing mode 
' Conditionally jumps to the 
address produced by adding 
the Program Counter to the 
OPERAND. 

BCC, BCS, BEQ, BMI, BNE, 
BPL, BRA, BVC, BVS 

: Mnemonic Machine code 
BCC *-12 90 16 F2 16 



Jumps to * —12 address when 
carry flag(C) is cleared. 



Memory 



Proceed to next address when 
carry flag(C) is set. 



Memory 



OPCODE to be 

executed next 



OPCODE (90 16 ) 



OPERAND (F2 16 ) 



*+2 




OPCODE (90 16 ) 



OPERAND (F2 16 ) 



OPCODE to be 

executed next 



*+2 
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Name : Indirect X addressing mode 
Function ' The operation is performed on 
the memory location indicated 
by the contents of two con- 
secutive bytes in zero page 
memory whose first address is 
specified by adding the OPER- 
AND and the contents of index 
register X. 

Instructions : ADC, AND, CMP, EOR, LDA, 
ORA, SBC, STA 

Example Mnemonic Machine code 
ADC ($1E,X) 61 16 1E 16 



Memory 



{ 



A^A + C+ Data 




Data I (00 16 ) 



DataE (14 16 ) 



OPCODE (61 16 ) 



OPERAND (1E U 



oo 1( 



04 1t 
05 16 



FF 1( 



► Zero page 



Zero page X 

indirect 

specification 



Contents of 
index register X 



E6 1( 



1 04 1C 



Ignored 



1400 1C 



In this example, data I (00 16 ) and data II (14 16 ) have been 
stored beforehand. 



Name '■ Indirect Y addressing mode 
Function ' The operation is performed on 
the memory location indicated 
by adding the contents of index 
register Y to the contents of 
two consecutive bytes in zero 
page memory whose first 
address is specified by the 
OPERAND. 

Instructions : ADC, AND, CMP, EOR, LDA, 
ORA, SBC, STA 

Example : Mnemonic Machine code 
ADC ($1E),Y 71 16 1E 16 



Memory 



Zero page 

indirect 

specification 



A+-A + d+ Data 



Data I (01 16 ) 



DataE (12 16 ) 



OPCODE (71 16 ) 



OPERAND (1E 16 ) 



Data 



oo 16 1 



FF 16 



Zero page 



1201 16 


+ 


E6 16 




12E7 16 



Contents of 
index register Y 



Absolute Y specification 



12E7 1t 



In this example, data I (01 16 ) and Data II (12 16 ) have been 
stored beforehand. 



4-12 



MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



Name 



Function 



Instructions 
Example 



: Indirect absolute addressing 
mode 

: Jumps to the location specified 
by the contents of two consecu- 
tive bytes whose first address is 
specified by the first and 
second OPERAND. 
JMP 

Mnemonic Machine code 
JMP ($1400) 6C 16 00 16 14 16 



Indirect 
specification 



Memory 



OPCODE (6C 16 ) 



OPERAND I (00 16 ) 



OPERAND II (14 16 ) 



Data I (FF 16 ) 



DataII (1E 16 ) 



Address to be 

executed next 



Jump 




In this example, FF 16 as data I and 1 E 16 as data II have been 
stored beforehand. 



Name 



Function 



Instructions 
Example 



'. Zero page indirect absolute 
addressing mode 

: Jumps to the location specified 
by the contents of two con- 
secutive bytes in zero page 
memory whose first address is 
specified by the OPERAND. 

: JMP, JSR 

: Mnemonic Machine code 
JMP ($05) B2 16 05 16 



Zero page 

indirect 

specification 



Memory 



Data I (FF 16 ) 



DataII (1E 16 ) 



OPCODE (B2 16 ) 



OPERAND (05 16 ) 



Address to be 

executed next 



::} 



FF 1fi 



Zero page 



Absolute 
specification 



Jump 



1EFF 16 



In this example, FF 16 as data I and 1E 16 as data II have been 
stored beforehand. 
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Name 



Function 



Instructions 
Example 



: Zero page bit addressing 
mode 

' The operation is performed on 
the bit (specified by the three 
high order bits of the OPCODE) , 
on the zero page memory loca- 
tion specified by the OPERAND. 

: CLB, SEB 

'. Mnemonic Machine code 
CLB 5,$04 BF 16 04 16 



Memory 



Zero page 
specification 



Bit 5 



Bit 

specification 

♦ 

OPCODE 



1 0 1 


11111 


OPERAND (04 16 ) 



I 



oo 1{ 



04 1£ 



FF 1£ 



► Zero page 



Bit 5 



04 1{ 



Name • Zero page bit relative address- 
ing mode 

Function ' Conditionally jumps to the 
address specified by adding 
the second OPERAND to the 
program counter, depending on 
the bit (specified by the three 
higher order bits of the 
OPCODE) in the zero page 
memory location specified by 
the first OPERAND. 

Instructions : BBC, BBS 

Example ! Mnemonic Machine code 

BBC5,$04,*-12 B7 16 04 16 F1 16 



Jump to * — 12 address when 
04 16 address bit 5 is cleared. 



Memory 



Bit 5 



Address to be 

executed next 



Bit 

specification 

OPCODE 



1 0 1 



10111 



OPERAND I(04 16 ) 



OPERAND II(F1 16 ) 



Advance to * +3 address when 
04 16 address bit 5 is set. 



> Zero page 



00 18 



04 1e 



Z Zero page 
specification 




*+3 



Memory 



Bit 5 



"Bit 

specification 
♦ 

OPCODE 



1 0 1 



10111 



OPERAND I (04 16 ) 



OPERAND JJ(F1 16 ) 



Address to be 

executed next 



00 16 

04 16 
FF 16 



*+3 
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Name 



Function 



Instructions 
Example 



: Accumulator bit addressing 
mode 

The operation is performed on 
the bit in the accumulator 
which is specified by the three 
high order bits of the OPCODE. 
There is no OPERAND. 
CLB, SEB 

'. Mnemonic Machine code 
CLB 5,A BB 16 



Bit 5 



Accumulator 



Memory 

Bit 

specification 



1 01 



11011 



OPCODE 



Accumulator 



CZE 



Bit 5 



Name '■ Accumulator bit relative ad- 
dressing mode 

Function Conditionally jumps to the 
address produced by adding 
the OPERAND to the program 
counter, depending on the bit 
in accumulator (specified by 
the high order three bits of the 
OPCODE). 

Instructions : BBC, BBS 

Example Mnemonic Machine code 
BBC 5,A,*-I2 B3 16 F2 16 



When accumulator bit 5 is 
cleared 



Bit 5 

Accumulator | | 0 1" 



Jump to *— 12 address 
Memory 



Address to be 

executed next 



Bit 

specification 

OPCODE 



1 01 



10011 



OPERAND (F2 16 ) 



*+2 




Jump 



When accumulator bit 5 is set 

Bit 5 

Accumulator | [ 1 I 



Jump to *+2 address 
Memory 



Bit 

specification 

♦ 

OPCODE 



1 0 1 



10011 



OPERAND (F2 16 ) 



Address to be 

executed nest 



*+2 
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Name •* Special page addressing mode 
Function ' Jumps to the specified address 
in the special page area. The 
lower eight bits are specified 
by the OPERAND and the up- 
per eight bits are defined by 
the special page (see Note 1). 
Instructions • JSR 

Example : Mnemonic Machine code 
JSR \$FFEO 22 16 E0 16 

Note 1 : Note that the special page is defined as the highest address- 
able 256 bytes of any given microcomputer and may be 
"FF 16 ", "1F 16 ", "2F 16 ", etc 



Memory 
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LIST OF INSTRUCTION CODES 



D 3 ~D 0 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


100Q 


1001 


1010 


1011 


1100 


1101 


1110 


1111 


\Hexadecimal 
D 7 ~D 4 \, notation 


0 


1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 


0000 


0 


BRK 


ORA 
IND, X 


ICO 

ZP, IND 


DRC 

0, A 


— 


ADA 

ZP 


ACI 
AOL, 

ZP 


SBS 


PHP 


ADA 

UHn 

IMM 


ASL 
A 


SEB 
0, A 


— 


ADA 

ABS 




SEB 
0, ZP 


0001 


1 


BPL 


ADA 

VJnA 

IND, Y 


CLT 


DDL/ 

0, A 




ORA 
ZP, X 


AQI 

AoL. 

ZP.X 




CLC 




DEC 
A 


CLB 
0, A 




VTlA 

AB&» X 




CLB 
0, ZP 


0010 


2 




AND 
IND, X 


ICO 

Jon 

SP 


□ DC 

1, A 


RIT 
Dl 1 

ZP 


Akin 

AINU 

ZP 


DAI 

ZP 


DPS) 


PLP 


AMh 

AINU 

IMM 


ROL 
A 


1, A 


, fSt I 

■> ASS-' 


-/ - ,' 

-\*«&. 


QAt 


SEB 
1, ZP 


0011 


3 


BMI 


AMD 
AINU 

IND, Y 


SET 


1, A 




AND 

ZP, X 


DAI 
nUL. 

ZP, X 


e*$*a 

' 1, ZP' 


SEC 




INC 
A 


CLB 
1 , A 


LUJVI 

ZP ^ 


AfcM'v' 


, nvL, 
ABS, X 


CLB 
1, ZP 


0100 


4 


RTI 


PAD 

tun 

IND, X 


STP 

(Note) 


DRC 

2, A 


ZP 


pad 
tUn 

ZP 


1 CD 

ZP 


, WD© 


PHA 


CAD 
tUn 

IMM 


A 


SEB 
2, A 


IK/ID 

- ABS 1 


E0t^»; 
..ASS^ 


ABS 


SEB 
2, ZP 


0101 


5 


BVC 


CAD 

IND, Y 




DRp 

2, A 




nop 

ZP, X 


LSR 
ZP, X 


'- '< 


CLI 


«At} < 

cyn 

Aii x 




CLB 
2, A 




Cw: 

AB8»X 


ABS.X 


CLB 
2, ZP 


0110 


6 


RTS 


ADC 
IND, X 


MUL 

(Note) 


BBS 
3, A 


TOT 
1 O 1 

ZP 


ADC 
ZP 


ROR 
ZP 


< 


PLA 


ADC 
IMM 


ROR 
A 


SEB 
3, A 


tkAt> 
Ulyir 

IND 


Am 


DAD 

ABS 


3, ZP 


0111 


7 


BVS 


aha 

AUw 

IND, Y 




BBC 
3, A 




ADC 
ZP, X 


ROR 
ZP, X 


- DW, 
%W t 


SEI 


ALJW 

Am; 4 * 


— 


CLB 
3, A 




AB$,X 


DAD 

ABS,X 


3, ZP 


1000 


8 


BRA 


CTA 
O 1 A 

IND, X 


nnr 

nnr 
ZP 


DRC 
DDO 

4, A 


CTV 

ZP 


CTA 
O 1 A 

ZP 


CTY 

ZP 


E&tO' 

* pwp - - 


DEY 




TXA 


SEB 
4, A 


Ol T 

ASS 




OlA 

ABS 


SEB 
4, ZP 


1001 


9 


BCC 


OTA 
a 1 A 

IND, Y 




BBC 

4, A 


STY 

ZP, X 


CTA 
© I A 

ZP, X 


QTV 
© 1 A 

ZP, Y 




TYA 


* © I A 1 

ABS-Y 


TXS 


CLB 
4, A 




©l/\ 




CLB 
4, ZP 


1010 


A 


LDY 
1MM 


LDA 
IND, X 


LDX 
IMM 


D.RC 
DDv> 

5, A 


i nv 
ZP 


1 fiA 

ZP 


LDX 
ZP 


.Vzp; 


TAY 


LDA 
IMM 


TAX 


SEB 
5, A 


LUT' \ 

ABS - 


L.L/A , 

as$ 


L.L»A 

ABS 


SEB 
5, ZP 


1011 


B 


BCS 


LDA 
IND, Y 


*JMP 
ZP, IND 


BBC 
5, A 


LDY 
ZP, X 


LDA 
ZP, X 


LDX 
ZP, Y 




CLV 


" iMa 


TSX 


CLB 

5, A 


LDY 
ABS, X 


LDA 
AB$,X 


LDX 
ABS, Y 


CLB 
5, ZP 


1100 


C 


CPY 
IMM 


CMP 
IND, X 


SLW X 
(Note) 
/WIT 


BBS 
6, A 


CPY 
ZP 


CMP 
ZP 


DEC 
ZP 




INY 


CMP 
IMM 


DEX 


SEB 
6, A 


CPY 


CMP 
, ABS 


DEC 
ABS ' 


SEB 
6, ZP 


1101 


D 


BNE 


CMP 
IND, Y 




BBC 
6, A 




CMP 
ZP.X 


DEC 
ZP, X 


-B|C<;'. 


CLD 


abCy 




CLB 
6, A 




CMP 
ABS,X 


DEC 
ABS, X 


CLB 
6, ZP 


1110 


E 


CPX 
IMM 


SBC 
IND, X 


FST / 
(Note) 
/DIV 


BBS 
7, A 


CPX 
ZP 


SBC 
ZP 


INC 
ZP 


';BBS{ 


INX 


SBC 
IMM 


NOP 


SEB 
7, A 


.CPX 
' ABS 


SBC 1 
AitS 


INC 

'ABS 


SEB 
7, ZP 


1111 


F 


BEQ 


SBC 
IND, Y 




BBC 

7, A 




SBC 
ZP, X 


INC 

ZP, X 




SED 


: Sicy: 




CLB 

7, A 




SBC 
ABS,X 


iNG 
ABS, X 


CLB 
7, ZP 



Note Support of these instructions depends on the microcomputer type 



Instruction 


Supported in the following microcomputer types 


FST 
SLW 


M50740A-XXXSP, M50740ASP, 
M50741-XXXSP, M50752-XXXSP, 
M50757-XXXSP, M50758-XXXSP 


MUL 
DIV 


Series 7450, Series 38000, 

M37424M8-XXXSP, 

M37524M4-XXXSP 



Instruction 


Not supported in the following microcomputer types 


WIT 


M50740A-XXXSP, M50740ASP, 
M50741-XXXSP, M50752-XXXSP, 
M50757-XXXSP, M50758-XXXSP 


STP 


M50752-XXXSP, M50757-XXXSP, 
M50758-XXXSP, M37424M8-XXXSP, 
M37524M4-XXXSP 



p j 3-byte instruction 
P~] 2-byte instruction 
[ | 1-byte instruction 



4-17 



MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



MACHINE INSTRUCTIONS 









Addressing mode 


Symbol 


Function 


Details 


IMP 


IMM 


A 


BIT.A 


ZP 


BIT.ZP 








OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 




OP 


n 




OP 


n 


# 


ADC 

(Note 1) 
(Note 6) 


When T=0 
A<-A-f M+C 

When T=1 
M(X)*-M(X)+M+C 


Adds the carry, accumulator and memory con- 
tents. The results are entered into the accumu- 
lator. 

Adds the contents of the memory in the 
address indicated by index register X, the con- 
tents of the memory specified by the addres- 
sing mode and the carry The results are en- 
tered into the memory at the address indicated 
by index register X 








69 


2 


2 














65 


3 


2 








AND 

(NoteD 


When T=0 
A-AAM 

When T=1 
M(X)«-M(X) AM 


"AND's" the accumulator and memory contents 
The results are entered into the accumulator 
"AND's" the contents of the memory of the address 
indicated by index register X and the contents of the 
memory specified by the addressing mode The re- 
sults are entered into the memory at the address in- 
dicated by index register X 








29 


2 


2 














25 


3 


2 








ASL 


7 0 

C - I 1-0 


Shifts the contents of accumulator or contents of 
memory one bit to the left The low order bit of 
the accumulator or memory is cleared and the 
high order bit is shifted into the carry flag 














OA 


2 


1 








06 


5 


2 








BBC 

(Note 4) 


Ab or Mb=0? 


Branches when the contents of the bit specified 
in the accumulator or memory is "0" 




















V 3 

2i 


4 


2 








i 


5 


3 


BBS 


Ab or Mb=1? 


Branches when the contents of the bit specified 
in th© Bccumulstor or m©mory is 1 




















03 
+ 
2i 


4 


2 








07 
+ 
2i 


5 


3 


BCC 

(Note 4) 


C==0? 


RrJinph^Q u/hon th o /^r»ntontc rvf rarrv flan ic "0" 






































BCS 

(Note 4) 


C — ] ? 








































BEQ 

(Note 4) 


Z=1 ? 


Brdnch@s wh©n th© contents of zgto flctQ is 1 






































BIT 


A A M 


"AND's" the contents of accumulator and mem- 
ory The results are not entered anywhere 


























24 


3 


2 








BMI 

(Note 4) 


N = l? 


Branches when the contents of negative flag is 
"1" 






































BNE 

(Note 4) 


Z=0? 


Branches when the contents of zero flag is "0" 






































BPL 

(Note 4) 


N=0? 


Branches when the contents of negative flag is 
"0" 






































BRA 


PC*- PC ± offset 


Jumps to address specified by adding offset to 
the program counter 






































BRK 


B—1 

M(S)-PC H 
S— S-1 
M(S)— PC L 
S—S-1 
M(S)— PS 
S— S-1 
PCl*~ ADj_ 
PCh^ADh 


Executes a software interrupt 


00 


7 


1 
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Addressing mode 



ZP,X 



OP 

75 " 



ZP.Y 

Op| n I # 



ABS 



35 



OP 

6D 



OE 



ABS.X 
OP 



ABS.Y 
OP 



79 



IND 

0P| n I # 



ZP.IND 

0P| n I #' 



IND.X 
OP 



IND.Y 



OP 



3D 



39 



REL 

0P| n I # 



90 



FO 



30 



DO 



10 



80 



SP 

0p| n I # 



Processor status register 



6 



1 



A MITSUBISHI 
ELECTRIC 
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Symbol 


Function 


Details 


Addressing mode 


IMP 


IMM 


A 


BIT.A 


ZP 


BIT.ZP 


OP 


n 


# 


OP 


n 


# 


OP 


n 




OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


BVC 

(Note 4) 


v=o? 


Branches when the contents of overflow flag is 
"0 " 






































BVS 

(Note 4) 


V=1 ? 


Branches when the contents of overflow flag is 
"1 " 






































CLB 


A5 or Mb"-0 


Clears the contents of the bit specified in the 
accumulator or memory to "0 " 




















1 
2i 


2 


1 










5 


2 


CLC 


0 


Clears the contents of the carry flag to "6 " 


18 


2 


1 
































CLD 


D— 0 


Clears the contents of decimal mode flag to 


D8 


2 


1 
































CLI 


1—0 


Clears the contents of interrupt disable flag to 
"0 " 


58 


2 


1 
































CLT 


T— 0 


Clears the contents of index X mode flag to "0 " 


12 


2 


1 
































CLV 


V— 0 


Clears the contents overflow flag to "0 " 


B8 


2 


1 
































CMP 

v. n ote o ) 


When T=0 
A — M 
When T=1 


Compares the contents of accumulator and 
memory 

.Compares the contents of the memory speci- 
fi©d by th© 3ddr©ssincj mod© with th© contents 
of the address indicated by index register X 








C9 


2 


2 














C5 


3 


2 








COM 


M— M 


Forms a one's complement of the contents of 
memory, and stores it into memory 


























44 


5 


2 








CPX 


X — M 


Compares the contents of index register X and 
memory. 








EO 


2 


2 














E4 


3 


2 








CPY 


Y— M 


Compares the contents of index register Y and 
memory 








CO 


2 


2 














C4 


3 


2 








DEC 


A—A— 1 or 
M— M — 1 


Decrements the contents of the accumulator or 
memory by 1 














1A 


2 


1 








C6 


5 


2 








DEX 


X— X — 1 


Decrements the contents of index register X by 
1 


CA 


2 


1 
































DEY 


Y—Y— 1 


Decrements the contents of index register Y by 
1 


88 


2 


1 
































DIV 

(Note 5) 


A*-(M (zz+X-f- 1 ), 
M (zz+X) ) /A 
M (S) 1's comple- 
ment of Remainder 
S— S— 1 


Divides the 16-bit data that is the contents of 
M(zz+x+1) for high byte and the contents of 
M (zz + x) for low byte by the accumulator 
Stores the quotient in the accumulator and the 
1's complement of the remainder on the stack 






































EOR 

(Note 1 ) 


When T=0 
A— AV-M 

When T=1 

IVI \/\.J IVI \s\ J v IVI 


"Exclusive-ORs" the contents of accumulator 
and memory The results are stored in the 
accumulator. 

"Exclusive-ORs" the contents of the memory 
sp©cifi©d by th© 3ddr©ssinQ mod© snd th© con~ 
tents of the memory at the address indicated by 
index register X The results are stored into the 
memory at the address indicated by index reg- 
ister X. 








49 


2 


2 














45 


3 


2 








FST 

(Note 5) 




Connects oscillator output to the Xoutf pm 


E2 


2 


1 
































INC 


A— A+l or 
M<-M+1 


Increments the contents of accumulator or 
memory by 1 














3A 


2 


1 








E6 


5 


2 








INX 


X— X+1 


Increments the contents of index register X by 
1 


E8 


2 


1 
































INY 


Y+-Y+1 


Increments the contents of index register Y by 
1 


C8 


2 


1 
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Addressing mode 


Processor status register 


ZP.X 


ZP,Y 


ABS 


ABS.X 


ABS.Y 


IND 


ZP.IND 


IND.X 


IND.Y 


REL 


SP 


7 


6 


5 


4 


3 


2 


1 


0 


OP 


n 




OP 


n 


* 


OP 


n 




OP 


n 




OP 


n 




OP 


n 


# 


OP 


n 


# 


OP 


n 




OP 


n 


# 


OP 


n 




OP 


n 


# 


N 


V 


T 


B 


D 


1 


z 


c 
























































50 


2 


2 














































































70 


2 


2 


























































































• 


• 


• 


• 


• 


• 


• 


• 


















































































































































































































































0 












































































0 
















































































0 














D5 


4 


2 








CD 


4 


3 


DD 


5 


3 


D9 


5 


3 














C1 


6 


2 


D1 


6 


2 














N 












z 


c 




































































N 












z 
















EC 


4 


3 


















































N 












z 


c 














CC 


4 


3 


















































N 












z 


c 


D6 


6 


2 








CE 


6 


3 


DE 


7 


3 












































N 












z 






































































N 












z 






































































N 












z 




E2 


16 


2 














































































55 


4 


2 








4D 


4 


3 


5D 


5 


3 


59 


5 


3 














41 


6 


2 


51 


6 


2 














N 












z 


• 




















































































F6 


6 


2 








EE 


6 


3 


FE 


7 


3 












































N 












z 






































































N 












z 






































































N 












z 





AMTTSUBISt 
ELECTRIC 
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Symbol 


Function 


Details 


Addressing mode 


IMP 


IMM 


A 


BIT.A 


ZP 


BIT.ZP 


OP 


n 




OP 


n 


# 


OP 


n 




OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


JMP 


If addressing mode is ABS 
PC L *-AD L 
PCh^ADh 
If addressing mode is I NO 
PC|_*-M (AD H> AD l ) 
PC H ^M(AD H , AD l +1) 
If addressing mode is ZP, IND 
PC L *-M (00, ADJ 
PC H *-M(00, AD L +1) 


Jumps to the specified address 






































JSR 


M(S)-PC H 
S*-S— 1 
M(S)—PC L 

S— s-i 

After executing the above, 

if addressing mode is ABS, 

PC L +-AD L 

PCh^ADh 

If addressing mode is SP, 

PCl—ADl 

PCh-FF 

If addressing mode is ZP, IND, 
PC L «-M(00, ADl) 
PC H — M(00, AD L +1) 


After storing contents of program counter in 
stack, and jumps to the specified address 






































LDA 

(Note 2) 


When T=0 
A«-M 
When T=1 
M(X)«-M 


Load accumulator with contents of memory 

Load memory indicated by index register X with 
contents of memory specified by the addres- 
sing mode 








A9 


2 


2 














A5 


3 


2 








LDM 


M*-nn 


Load memory with immediate value 


























3C 


4 


3 








LDX 




Load index register X with contents of memory 








A2 


2 


2 














A6 


3 


2 








LDY 


Y— M 


Load index register Y with contents of memory 








AO 


2 


2 














A4 


3 


2 








LSR 


7 0 

o — CZl — c 


Shift the contents of accumulator or memory to 
the right by one bit 

The low order bit of accumulator or memory is 
stored in carry, 7th bit is cleared 














4A 


2 


1 








46 


5 


2 








MUL 

(Note 5) 


M(S)-A^-AXM(zz+X) 
S— S- 1 


Multiplies the accumulator with the contents of 
memory specified by the zero page X addres- 
sing mode and stores the high byte of the result 
on the stack and the low byte in the accumu- 
lator 






































NOP 


PC—PC+1 


No operation 


EA 


2 


1 
































ORA 

(Note 1 ) 


When T=0 
A+-AVM 

When T=l 
M(X)*-M(X)VM 


"Logical OR's" the contents of memory and 
accumulator The result is stored in the accu- 
mulator 

"Logical OR's" the contents of memory indi- 
cated by index register X and contents of mem- 
ory specified by the addressing mode The re- 
sult is stored in the memory specified by index 
register X 








09 


2 


2 














05 


3 


2 
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Addressing mode 



ZP.X 

0P| n I # 



ZP.Y 

0P| n I # 



ABS 



OP 

4C 



20 



B5 



AD 



B6 



AE 



AC 



56 



62 



15 



15 



OD 



ABS.X 
OP n # 



ABS.Y 

0P| n I # 



IND 



ZP.IND 



IND.X 

0p\ n I # 



IND.Y 
OP n # 



REL 

0P| n I # 



SP 

OpI n I # 



6C 



B2 



02 



22 



BD 5 



B9 



BC 



1D 



19 



Processor status register 
1 



A MITSUBISHI 
ELECTRIC 



4-23 



MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



Symbol 


Function 


Details 


Addressing mode 


IMP 


IMM 


A 


BIT.A 


ZP 


BIT.ZP 


OP 


n 


# 


OP 


n 




OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


PHA 


M (S) —A 
S— S— 1 


Saves the contents of the accumulator in memory 
at the address indicated by the stack pointer and 
decrements the contents of stack pointer by 1 


48 


3 


1 
































PHP 


M(S)— PS 

s— s-i 


Saves the contents of the processor status reg- 
ister in memory at the address indicated by the 
stack pointer and decrements the contents of 
the stack pointer by 1 


08 


3 


1 
































PLA 


S-S+1 
A— M (S) 


Increments the contents of the stack pointer by 1 
and restores the accumulator from the memory at 
the address indicated by the stack pointer 


68 


4 


1 
































PLP 


S-S+1 
PS— M(S) 


Increments the contents of stack pointer by 1 and 
restores the processor status register from the mem- 
ory at the address indicated by the stack pointer 


28 


4 


1 
































ROL 


7 0 

rH l«-[C]-| 


Shifts the contents of the memory or accumula- 
tor to the left by one bit The high order bit is 
shifted into the carry flag and the carry flag is 
stiifted into the low order bit 














2A 


2 


1 








26 


5 


2 








ROR 


7 0 
r— EH—I |-»| 


Shifts the contents of the memory or accumula- 
tor to the right by one bit The low order bit is 
shifted into the carry flag and the carry flag is 
shifted into the high order bit 














6A 


2 


1 








66 


5 


2 








RRF 


7 0 


Rotates the contents of memory to the right by 4 
bits 


























82 


8 


2 








RTI 


S— S+1 
PS—M (S) 
S— S+1 
PC L — M(S) 
S— S+1 
PC H — M(S) 


Returns from an interrupt routine to the main 
routine 


40 


6 


1 
































RTS 


S-S+1 
PC L — M(S) 
S— S+l 
PC H — M(S) 


Returns from a subroutine to the mam routine 


60 


6 


1 
































SBC 
(Note 1) 
(Note 6) 


When T=0 
A— A— M — C 

When T=l 

M (X) *-M (X) — M — C 


Subtracts the contents of memory and comple- 
ment of carry flag from the contents of accumula- 
tor The results are stored into the accumulator 
Subtracts contents of complement of carry flag 
and contents of the memory indicated by the 
addressing mode from the memory at the 
address indicated by index register X The re- 
sults are stored into the memory of the address 
indicated by index register X 








E9 


2 


2 














E5 


3 


2 








SEB 


Ab or Mb*-1 


Sets the specified bit in the accumulator or 
memory to "1 " 




















op 

2i 


2 


1 








2i 


5 


2 


SEC 


C— 1 


Sets the contents of the carry flag to "1 " 


38 


2 


1 
































SED 


D— 1 


Sets the contents of the decimal mode flag to 
"1 " 


F8 


2 


1 
































SEI 


1—1 


Sets the contents of the interrupt disable flag to 
"1 " 


78 


2 


1 
































SET 


T— 1 


Sets the contents of the index X mode flag to 
"1 " 


32 


2 


1 
































SLW 

(Note 5) 




Disconnects the oscillator output from the X 0 utf 
pin 


C2 


2 


1 
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Addressing mode 


Processor status register 


ZP.X 


ZP.Y 


ABS 


ABS.X 


ABS.Y 


IND 


ZP.IND 


IND.X 


IND.Y 


REL 


SP 


7 


6 


5 


4 


3 


2 


1 


0 


OP 


n 




OP 


n 


# 


OP 


n 




OP 


n 




OP 


n 




OP 


n 


# 


OP 


n 


# 


OP 


n 




OP 


n 




OP 


n 


# 


OP 


n 


# 


N 


V 


T 


B 


D 


1 


Z 


c 








































































































































































































































N 












z 






































































(\ 


aluc 


3 sa 


Yed 


in s 


ack 


) 




36 


6 


2 








2E 


6 


3 


3E 


7 


3 












































N 












z 


c 


76 


6 


2 








6E 


6 


3 


7E 


7 


3 












































N 












z 


c 






















































































































































(V 


alue 


j sa 


/ed 


in s 


ack 


) 






















































































F5 


4 


2 








ED 


4 


3 


FD 


5 


3 


F9 


5 


3 














E1 


6 


2 


F1 


6 


2 














N 


v 












c 




































































































































































1 












































































1 




















































































1 












































































1 
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Symbol 


Function 


Details 


Addressing mode 


IMP 


IMM 


A 


BIT.A 


ZP 


BIT.ZP 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


STA 


M-*-A 


Stores the contents of accumulator in memory. 


























85 


4 


2 








STP 

(Note 5) 






42 


2 


1 
































STX 


M - *— X 


Stores the contents of index register X in 
memory 


























86 


4 


2 








STY 


M*— Y 


Stores the contents of index register Y in 
memory 


























84 


4 


2 








TAX 


X*- A 


Trsnsfors tliG contents of th© sccumulstor to in™ 
dex register X 


AA 


2 


1 
































TAY 


Y"*— A 


Transfers the contents of the accumulator to in- 
dex register Y 


A8 


2 


1 
































TST 


M=0? 


Tests whether the contents of memory are "0" 
or not 


























64 


3 


2 








TSX 


X— S 


Transfers the contents of the stack pointer to in- 
dex register X 


BA 


2 


1 
































TXA 


A— X 


Transfers the contents of index register X to the 
accumulator. 


8A 


2 


1 
































TXS 


S^X 


Transfers the contents of index register X to the 
stack pointer. 


9A 


2 


1 
































TYA 


A^-Y 


Transfers the contents of index register Y to the 
accumulator 


98 


2 


1 
































WIT 

(Note 5) 




Stops the internal clock 


C2 


2 


1 

































Note 1 ' The number of cycles "n" is increased by 3 when T is 1 . 

2 I The number of cycles "n" is increased by 2 when T is 1. 

3 : The number of cycles "n" is increased by 1 when T is 1 . 

4 : The number of cycles "n" is increased by 2 when branching has occurred. 

5 ! Support of these instructions depends on the microcomputer type 



Instruction 


Supported in the following microcomputer types 


FST 
SLW 


M50740A-XXXSP, M50740ASP, 
M50741-XXXSP, M50752-XXXSP, 
M50757-XXXSP, M50758-XXXSP 


MUL 
DIV 


Series 7450, Series 38000, 

M37424M8-XXXSP, 

M37524M4-XXXSP 




Instruction 


Not supported in the following microcomputer types 


WIT 


M 50740A-XXXSP, M50740ASP, 
M50741-XXXSP, M50752-XXXSP, 
M50757-XXXSP, M50758-XXXSP 


STP 


M50752-XXXSP, M50757-XXXSP, 
M50758-XXXSP, M37424M8-XXXSP, 
M37524M4-XXXSP 



6 I N, V, and Z flags are invalid in decimal operation mode. 
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Addressing mode 



Processor status register 



ZP.X 



ZP.Y 



ABS 



ABS.X 



IND 



ZP.IND 



IND.X 



IND.Y 



REL 



SP 



OP 



OP n # 



OP 



OP n # 



OP n # 



OP 



OP 



OP n # 



OP n # 



95 



8D 



9D 



99 



96 



94 



8C 



Symbol 


Contents 


Symbol 


Contents 


IMP 


Implied addressing mode 


+ 


Addition 


IMM 


Immediate addressing mode 




Subtraction 


A 


Accumulator or Accumulator addressing mode 


A 


Logical OR 






V 


Logical AND 


BIT, A 


Accumulator bit relative addressing mode 




Logical exclusive OR 








Negation 


ZP 


Zero page addressing mode 




Shows direction of data flow 


BIT, ZP 


Zero page bit relative addressing mode 


X 


Index register X 






Y 


Index register Y 


ZP, X 


Zero page X addressing mode 


S 


Stack pointer 


ZP, Y 


Zero page Y addressing mode 


PC 


Program counter 


ABS 


Absolute addressing mode 


PS 


Processor status register 


ABS, X 


Absolute X addressing mode 


PC H 


8 high-order bits of program counter 


ABS, Y 


Absolute Y addressing mode 


pc l 


8 low-order bits of program counter 


IND 


Indirect absolute addressing mode 


AD H 


8 high-order bits of address 






AD L 


8 low-order bits of address 


ZP, IND 


Zero page indirect absolute addressing mode 


FF 


FF in Hexadecimal notation 






nn 


Immediate value 


IND, X 


Indirect X addressing mode 


M 


Memory specified by address designation of any 


IND, Y 


Indirect Y addressing mode 




addressing mode 


REL 


Relative addressing mode 


M (X) 


Memory of address indicated by contents of index 


SP 


Special page addressing mode 




register X 


C 


Carry flag 


M (S) 


Memory of address indicated by contents of stack 


Z 


Zero flag 




pointer 


1 


Interrupt disable flag 


M( ADh, ad l ) 


Contents of memory at address indicated by AD H and 


D 


Decimal mode flag 




AD|_, m AD H is 8 high-order bits and AD L is 8 low- 


B 


Break flag 




order bits 


T 


X-modified arithmetic mode flag 


M(00, ADJ 


Contents of address indicated by zero page AD|_ 


V 


Overflow flag 


A b 


1 bit of accumulator 


N 


Negative flag 


Mb 


1 bit of memory 






OP 


Opcode 






n 


Number of cycles 






# 


Number of bytes 



AMTTSUBlSt 
ELECTRIC 
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NOTES on USE 

Keep the following points in mind while programming: 



Processor status register 

(1) Initialization of processor status register 

After a reset, the contents of the processor status reg- 
ister (PS) are undefined except for the I flag which is 
"1". Therefore, flags which affect program execution 
must be initialized after a reset. 

In particular, it is essential to initialize the T and D 
flags because they have an important effect on calcula- 
tions. 

(2) How to reference the processor status register 

To reference the contents of the processor status reg- 
ister (PS), execute the PHP instruction once then read 
the contents of (S+1). If necessary, execute the PLP 
instruction to return the PS to its original status. 
A NOP instruction should be executed after every PLP 
instruction. (The NOP in unnecessary when using a 
series 38000 microcomputer). 



^ Reset ^ 







| Flags Initializing | 



Main Program 

— I 

I 
I 



Initialization of Flags in PS 




Stack Memory Contents after PHP Instruction Execution 



PLP Instruction 



NOP Instruction 
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Interrupts 

The contents of the interrupt request bits can be changed 
by software, but the values will not change immediately af- 
ter being overwritten. Therefore, note the following points: 

(1) After changing the value of the interrupt request bits, 
execute at least one instruction before executing a 
BBC, BBS, or any other read instruction. 

(2) When clearing an interrupt request bit to "0" and set- 
ting an interrupt enable bit to "1" ( = setting in an inter- 
rupt enable state), it needs to be cleared or set these 
bits in a separate instruction. The interrupt is accepted 
because it becomes in the interrupt enable state be- 
fore clearing the interrupt request bit, if clearing the in- 
terrupt request bit and setting the interrupt enable bit 
are performed in an instruction. 

BRK instruction 

(1) It can be detected that the BRK instruction interrupt 
event or the least priority interrupt event by referring 
the stored B flag state. Refer the stored B flag state in 
the interrupt routine, in this case. 

However, the microcomputer that has an independent 
BRK instruction interrupt vector (cf. the 7450 series, 
the. 7470 series, and the 38000 series) are not neces- 
sary this detection. 

(2) The CPU of all 8-bit microcomputers except the 38000 
series have the following bug about the BRK instruction 
execution. 

At the following status, 
© the interrupt request bit has set to "1". 
© the interrupt enable bit has set to "1". 
(D the interrupt disable flag (I) has set to "1". 
if the BRK instruction is executed, the interrupt disable 
state is cancelled and it becomes in the interrupt en- 
able state. So that the requested interrupts (the inter- 
rupts that corresponding to their request bits have set 
to "1") are accepted. 



Switch the Interrupt Register Bit 



NOP Instruction 



BBC, or BBS Instruction 



Set in a 
separate 
instruction 



Clear the Interrupt Request 
Bit to "0" 



Set the Interrupt Enable 
Bit to "1" 
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Decimal calculations 

(1 ) Execution of decimal calculations 

The ADC and SBC are the only instructions which will 
yield proper decimal results in decimal mode. To 
calculate in, decimal notation, set the decimal mode 
flag (D) to "1" with the SED instruction. After executing 
the ADC or SBC instruction, execute another instruction 
before executing the SEC, CLC, or CLD instruction. 

(2) Note on flags in decimal mode 

When decimal mode is selected, the values of three of 
the flags in the status register (the N, V, and Z flags) 
are invalid after a ADC or SBC instruction is executed. 
The Carry flag (C) is set to "1" if a carry is generated 
as a result of the calculation, or is cleared to "0" if a 
borrow is generated. To determine whether a calcula- 
tion has generated a carry, the C flag must be initial- 
ized to "0" before each calculation. To check for a bor- 
row, the C flag must be initialized to "1" before each 
calculation. 



-L 



Set D Flag to "1" 



ADC or SBC Instruction 



NOP Instruction 
1 



SEC, CLC, or CLD Instruction 



JMP instruction 

When using the JMP instruction in indirect addressing 
mode, do not specify the last address on a page as an in- 
direct address. 
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SERIES MELPS 740 MASK ROM 
ORDERING METHOD 

Mitsubishi Electric corp. accepts order to transfer EPROM 
supplied program data into the mask ROM in single-chip 8- 
bit microcomputers. 

When placing such order, please submit the information 
described below. 

(1) Mask ROM confirmation form 1 set 

(There is a specific form to be used for each model.) 

(2) Data to be written into mask ROM EPROM 

(Please provide three sets containing the identical 
data.) 

(3) Mark specification form 1 set 



(3) Calculation and indication of checksum code 

Please calculate the total number of data in words in 
the EPROM, and write the number in 4-digit hexade- 
cimal form in the checksum code field of the mask 
ROM confirmation form. 

(4) Options 

Refer to the appropriate data book entry and write the 
desired options on the mask ROM confirmation form. 

(5) Mark specification method 

The permissible mark specifications differ depending 
on the shape of package. Please fill out the mark spe- 
cification form and attach it to the mask ROM confirma- 
tion form. 



NOTES 

(1) Acceptable EPROM type 

Any EPROM made by Mitsubishi that is listed in the 
mask ROM confirmation form may be used. 

(2) EPROM window labeling 

Please write the model name and the identification 
code (A, B, C) on the label for each of the three sets 
of data EPROMs provided. 



Example '> 



label 




\ 






M50747 
-XXXSP 








© < 











Type 



- Identification 
code for each 
of three sets 



OUTLINE OF ORDER PROCESSING 

Mitsubishi will produce the mask ROM if at least two of the 
three EPROM sets submitted contain identical data. 
If we find error when the submitted EPROMs are com- 
pared, we will contact your representative. 
Thus, we assume responsibility only when we produce the 
mask ROM that contain data other than the data correctly 
provided by the customer. 

Mitsubishi uses an automatic mask ROM design program to 

generated the following : 

1 . Drafting data for mask ROM production; 

2 . ROM code listing or EPROM for mask ROM production 
error check work; 

3 . Mask ROM test program. 

The chart below shows the flow of mask ROM production. 



SERIES MELPS 740 MASK ROM DEVELOPMENT CAD SYSTEM 



Mask ROM 
confirmation 
form 



Object program 
generation 



FROM CUSTOMER 



MITSUBISHI ELECTRIC 



EPROM 
(3 s ets) 

f 1 1 1 1 1 1 f 





Error 

Tyes 
-r 



NO 



Mask ROM 
automatic 
design prog*arr 



EPROM 



Mask drafting data 



□ 

draftin 

i 



□ 



Mask ROM test program 



Mask ROM' 
manufacturing 



/ M50747 k 
I -XXXSP / 

r i ill i i 

Mask ROM 



Acceptance 



Mask ROM . 
manufacturing 6— 
process 



• Wafer 
test 

• Final 
test 

• QA test 
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GZZ-SH01-46A<82B0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M371 00M8-XXXSP/FP 
MITSUBISHI ELECTRIC 



Mask ROM number 



Receipt 


Date : 


Section head 
signature 


Supervisor 
signature 







Note I Please fill in ail items marked^. 





Company 
name 


TEL 


jance 
nature 


Submitted by 


Supervisor 


Customer 


( ) 








Date 
issued 


Date : 


Issi 
srgr 







* 1 



. Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 



Microcomputer name : □ M371 00M8-XXXSP □ M37100M8-XXXFP 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type 



□ 27256 



0000 
05FF 

0800 
0DFF 
1000 
1 004 

4000 



Character ROM1 

1 1 1 1 1 1 1 1 1 1 I TL 

Character ROM2 

\l I I ! I I I I I I I TL 



7FFF 



Option 

lllllllllllll 



ROM 
(16K) 



□ 27512 



0000 
05FF 

0800 
0DFF 
1000 
1004 

4000 



7FFF 
FFFF 



Character ROM1 

1 1 1 1 1 1 1 1 1 1 I X 



Character ROM2 

hi i ii ii i irr 

Option 

minium 



ROM 

(16K) 



VII 1 1 II 1 1 It I I 



Set "FF 16 " in the shaded area. 
^ 2 . Mark specification , 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37100M8-XXXSP ; 80P6 for M37100M8-XXXFP) and attach to 
the mask ROM confirmation form. 



* 3 . 1 l 2 C bus* 

Would you use l 2 C bus function ? 



□ Use 



□ Not use 



^ 3 . 2 Comments 
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SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01 -46A< 82B0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M371 00M8-XXXSP/FP 
MITSUBISHI ELECTRIC 



Mask ROM number 



^ 4 . Option specification. 

1 . Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 





P1 7 


P1e 


Pis 


P14 


P1 3 


P1 2 


P11 


P1 0 


address 1000 16 


















2 . Port P2 pull-up transistor (if built-in is desired write 1 , if not write 0) 










P2 7 


P2 6 


P2 5 


P2 4 


P2 3 


P2 2 


P2i 


P2 0 


address 1001 1 6 


















3 . Feedback resistors for X| N , X C in oscillation (if built-in is desired write 1, if not write 0) 
















XciN 




address 1002 16 


0 


0 


0 


0 


0 


0 






4 . CRT display relation polarity specifier (if negative polarity is desired write 1, if positive w 










HSYNC VSYNC R. G, B 


I 


OUT 


address 1003i 6 


0 


0 


0 












5 . <f> output (if 4> clock outputs in the single-chip mode write 1 , if not write 0) 


address 1004 16 


0 


0 


0 


0 


0 


0 


0 





* : Purchase of Mitsubishi Electric Corporation's l 2 C components converys a license under the Philips l 2 C Patent 
Rights to use these components in an l 2 C system, provided that the system conforms to the l 2 C Standard Speci- 
fication as defined by Philips. 



AMITSUBISt 
ELECTRIC 
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SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH02-08A< 94A0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M371 02M8-XXXSP/FP 
MITSUBISHI ELECTRIC 



Mask ROM number 





Date : 




Section head 


Supervisor 


Q. 


signature 


signature 


© 






O 






0 






DC 







Note : Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


Issuance 
signature 


Submitted by 


Supervisor 






Date 
issued 


Date : 



X 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 



Microcomputer name 



□ M37102M8-X)6<SP □ M37102M8-XXXFP 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type 



□ 27256 


address 




OOOO16 
OOOF^ 


Area for ASCII codes of the name 
of the product 'M37102M8-' 




001 d 6 


wiiiii 




2FFF 16 






3000^ 
37FF 16 


Character ROM1 




380016 
3FFF 16 


Character ROM2 




400016 


ROM(16K) 




7FFF 16 











(1) Set "FF 16 " in the shaded area. 

(2) Write the ASCII codes that indicates the name of the product 'M37102M8-' to addresses 0000 l16 to 000F 16 . 
^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37102M8-XXXSP; 80P6N for M37102M8-XXXFP) and attach to 
the mask ROM confirmation form. 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH02-08A< 94A0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M371 02M8-XXXSP/FP 
MITSUBISHI ELECTRIC 



Mask ROM number 



8 3. 1 l 2 Cbus* 

Would you use l 2 C bus function ? DUse 



□ Not use 



3 . 2 OSD test character pattern input. 

Write the two types of test patterns to the specified addresses. 

^ 3 . 3 Comments 



Writing the name of the product and character ROM data onto EPROMs. 

Addresses 0000i 6 to 000F 16 store the name of the product and addresses 3000i 6 to 3FFF 16 store the character ROM 
data. Write the following ASCII codes that indicates 'M37102M8-' to addresses 0000 16 to 000F 16 . 
If the name of the product contained in the EPROMs does not match the name on the mask ROM confirmation form, 
the ROM processing is disabled. Write the data correctly. 

1 . Inputting the name of the product with the ASCII code. 
ASCII codes 'M37102M8-' are listed on the right. 
The addresses and data are in hexadecimal notation. 



Address 








Address 




0000! 6 


•M' 




4D 16 


0008i 6 


'-' = 2D 16 


0001 16 


'3' 




3 3 16 


0009i 6 


F F 16 


0002! 6 


'7' 




3 7 16 


000Ai 6 


FF 16 


0003! 6 


'1 ' 




3 1 16 


000Bi 6 


F F 16 


0004! 6 


'0' 




3 0 16 


OOOCie 


FF 16 


0005! 6 


'2' 




3 2 16 


000Di 6 


F F is 


0006i6 


'M' 




4 D 16 


000Ei 6 


FF 16 


0007! 6 


'8' 




3 8 ie 


000Fi 6 


F F 16 



Inputting the character ROM 

Input the character ROM data by dividing it into character ROM1 and character ROM2. For the character ROM 
data and test character patterns, see the next page and on. 



* I Purchase of Mitsubishi Electric Corporation's l 2 C components converys a license under the Philips l 2 C Patent 
Rights to use these components in an l 2 C system, provided that the system conforms to the l 2 C Standard Speci- 
fication as defined by Philips. 
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MITSUBISHI MICROCOMPUTERS 

SERIES ME LPS 740 MASK ROM ORDERING METHOD 



GZZ-SH02-08A< 94A0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M371 02M8-XXXSP/FP 
MITSUBISHI ELECTRIC 



Mask ROM number 



The structure of character ROM (divide of 12X16 dots font) 



Example 



Character code 
"1A 16 " 



□□□□□□□□□□□a 

□□□□□■□□□□□a 
□□□□■□■□□□an 

□□□■□□□■□□□a 

□□■□□□□□■□an 
□□■■■■■■■□□a 

□■□□□□□□□■□a 

□□□□□□□□□□□a 
□□□□□□□□□□□□ 



Example 



31A0 16 

s 

31AF 16 



*- Character 
ROM1 





b? b 6 b 5 b 4 b 3 b 2 b, b 0 




0 


□□□□□□□□ 


00 16 


1 




04 16 


2 




04 16 


3 




0A 16 


4 




0A 16 


5 




1116 


6 




1116 


7 




1116 


8 




20 16 


9 




20 16 


A 




3F 16 


B 




40 16 


C 




40 16 


D 




40 16 


E 


□□□□□□□□ 


00 16 


F 


□□□□□□□□ 


oo 16 



*«-Character- 
ROM2 



Example 



39A0 16 
39AF 16 





b 7 b 6 b 5 b 4 b 3 b 2 b, b 0 




0 


□ □□□ 


F0 16 


1 


□ □□□ 


F0 16 


2 


□ □□□ 


F0 16 


3 


□ □□□ 


F0 16 


4 


□ □□□ 


F0 16 


5 


□ □□□ 


F0 16 


6 


□□□□ 


F0 16 


7 


Fw □□□□ 


F0 16 


8 




F8 16 


9 




F8 16 


A 




F8 16 


B 




F4 16 


C 




F4 16 


D 




F4 16 


E 




F0 16 


F 


□□□□ 


F0 16 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH02-08A< 94A0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M371 02M8-XXXSP/FP 
MITSUBISHI ELECTRIC 



Mask ROM number 



Inputting the test character pattern 

Write the following character pattern to the specified addresses. 



(1) Pattern 1 

Character code "7E 16 " 



Address 


Data 


Address 


Data 


37E0 16 


40 16 


3FE0 16 


F0 16 


37E1 16 


04 16 


3FE1 16 


F0 16 


37E2 16 


00 16 


3FE2 16 


F4 16 


37E3 16 


20! 6 


3FE3 16 


F0 16 


37E4 16 


02 16 


3FE4 16 


F0 16 


37E5 16 


oo 16 


3FE5 16 


F2 16 


37E6 16 


10 16 


3FE6 16 


F0 16 


37E7 16 


0116 


3FE7 16 


F0 16 


37E8 16 


80, 6 


3FE8 16 


F0 16 


37E9 16 


08! 6 


3FE9 16 


F0 16 


37EA 16 


00! 6 


3FEA 16 


F8 16 


37EB 16 


40 16 


3FEB 16 


F0 16 


37EC 16 


04 16 


3FEC 16 


F0 16 


37ED 16 


oo 16 


3FED 16 


F4 16 


37EE 16 


20 16 


3FEE 16 


F0 16 


37EF 16 


02 16 


3FEF 16 


F0 16 



(2) Pattern 2 



Character code "7F 16 " 



Address 


Data 


Address 


Data 


37F0 16 


00 16 


3FF0 16 


F0 16 


37F1 16 


00, 6 


3FF1 16 


F0 16 


37F2 16 


00, 6 


3FF2 16 


F0 16 


37F3 16 


00, 6 


3FF3 16 


F0 16 


37F4 16 


00 16 


3FF4 16 


F0 16 


37F5 16 


oo 16 


3FF5 16 


F0 16 


37F6 16 


oo 16 


3FF6 16 


F0 16 


37F7 16 


oo 16 


3FF7 16 


F0 16 


37F8 16 


00 16 


3FF8 16 


F0 16 


37F9 16 


00 16 


3FF9 16 


F0 16 


37FA 16 


oo 16 


3FFA 16 


F0 16 


37FB 16 


00! 6 


3FFB 16 


F0 16 


37FC 16 


oo 16 


3FFC 16 


F0 16 


37FD 16 


oo 16 


3FFD 16 


F0 16 


37FE 16 


oo 16 


3FFE 16 


F0 16 


37FF 16 


00 16 


3FFF 16 


F0 16 
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MITSUBISHI MICROCOMPUTERS 

SERIES MEL PS 740 MASK ROM ORDERING METHOD 



GZZ-SH01 -45A < 82A0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37103M4-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 





Date : 




Section head 


Supervisor 


Q. 


signature 


signature 


"(D 






O 






CD 






QC 







Note : Please fill in all items marked^. 





Company 
name 


TEL 


nee 
ture 


Submitted by 


Supervisor 




( ) 






Customer 






03 03 
3 c 








Date 
issued 


Date : 


S.i? 
— (0 







% 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type 



□ 27128 


□ 27256 


□ 27512 


0000 
05FF 












0000 
05FF 






Character ROM1 




0000 
05FF 


Character ROM1 




Character ROM1 




///////// 




0800 


lilllllllt 






lllllllll 




0800 


Character ROM2 




Character ROM2 




0800 


Character ROM2 




0DFF 






0DFF 




0DFF 




lllllllll, 




///////// 




////////// 




1000 
1004 


Option 




-1000 
1 004 


Option 




1000 
1004 


Option 

///////// 




2000 


////////// 

ROM (8K) 




2000 
3FFF 


///////// 

ROM (8K) 




2000 
3FFF 


ROM (8K) 




3FFF 






7FFF 


///////// 




FFFF 


lllllllll 



















Set "FF 16 " in the shaded area. 



^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37103M4-XXXSP) and attach to the mask ROM confirmation 
form. 



^ 3 . Comments 
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MITSUBISHI MICROCOMPUTERS ' 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01-45A<82A0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37103M4-XXXSP 
MITSUBISHI ELECTRIC 



^ 4 . Option specification (write the option data also at the specified address in the EPROM.) 
1 . Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 

P1 0 P1i P1 2 P1 3 P14 P1 5 P1 6 P1 7 

address 1000 16 



Mask ROM number 



2 . Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 

P2 0 P2, P2 2 P2 3 P2 4 P2 5 P2 6 P2 7 

address 1001 16 



3 . Feedback resistors for X, N , X C in oscillation (if built-in is desired write 1, if not write 0) 

XciN X|K 

address 100 2 16 



4 . CRT display relation polarity specifier (if negative polarity is desired write 1, if positive write 0) 

Hsync VsyncR. G» B I OUT 

address 1003 16 



5 . <f> output (if <t> clock outputs in the single-chip mode write 1 , if not write 0) 

address 1004 16 
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MITSUBISHI MICROCOMPUTERS 

SERIES ME LPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01-45A< 82A0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37103M4-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 



Inputting the character ROM 

Input the character ROM data by dividing it into character ROM1 and character ROM2. 
The structure of character ROM (divide of 12X16 dots font) 



Example 



Character code 
1A 16 



□□□□□□□□□□□a 

□□□□□■□□□□□a 
□□□□■□■□□□□a 
□□□□■□■□□□an 

□□□■□□□■□□an 
□□□■□□□■□□□a 
□□■□□□□□■□□a 
□□■□□□□□■□□a 
□□■■■■■■■□□a 
□■□□□□□□□■□a 
□■□□□□□□□■□a 
□■□□□□□□□■□a 
□□□□□□□□□□□a 
□□□□□□□□□□□a 



Example 01A0 16 
01AF 16 



— Character 
ROM1 

b 7 b 6 b 5 b 4 b 3 b 2 b t b 0 

0 □□□□□□□□ 00 16 

1 04 16 

2 04 16 

3 0A 16 

4 0A 16 

5 11 16 

6 11 16 

7 11 16 

8 20 16 

9 20 16 
A 3F 16 
B 40 16 
C 40 16 
D 40 16 
E □□□□□□□□ 00 16 
F □□□□□□□□ 00 i6 



-►♦-Character-* 
ROM2 

Example 09A0 16 

s 

09AF 16 





b 7 b 6 b 5 b 4 b 3 b 2 b 0 




0 


□ □□□ 


F0 16 


1 


□ □□□ 


F0 16 


2 


□ □□□ 


F0 16 


3 


□ □□□ 


F0 16 


4 


□ □□□ 


F0 16 


5 


□ □□□ 


F0 16 


6 


□ □□□ 


F0 16 


7 


F 16 □□□□ 


F0 16 


8 




F8 16 


9 




F8 16 


A 




F8 16 


B 




F4 16 


C 




F4 16 


D 




F4 16 


E 


. □□□□ 


F0 16 


F 


□ □□□ 


F0 16 
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AMITSUBtSHI 
ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH02-89A< 9XA0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M371 20M6-XXXFP 
MITSUBISHI ELECTRIC 



Mask ROM number 





Date : 




Section head 


Supervisor 


Q. 


signature 


signature 


CD 






O 
CD 






QC 







Note : Please fill in all items marked^. 





Company 
name 


TEL 


jance 
lature 


Submitted by 


Supervisor 


Customer 


( ) 








Date 
issued 


Date : 


— CO 







$6 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type 



□ 27256 


address 


000016 
OOOFie 


Area for ASCII codes of the name 
of the product 'M37120M6-' 




001 O16 






2FFFie 


Willi 




300016 
37FF16 


Character ROM1 




380016 
3FFF16 


Character ROM2 




400016 
4FFFi 6 
500016 


'////////////// 




ROM(12K) 




7FFF16 









(1) Set "FF 16 " in the shaded area. 

(2) Write the ASCII codes that indicates the name of the product 'M371 20M6— ' to addresses 0000 16 to 000F 16 . 
^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (80P6N for M37120M6-XXXFP) and attach to the mask ROM confirmation 
form. 
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MITSUBISHI MICROCOMPUTERS 

SERIES ME LPS 740 MASK ROM ORDERING METHOD 



GZZ-SH02-89A< 9XA0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37120M6-XXXFP 
MITSUBISHI ELECTRIC 



Mask ROM number 



^ 3 . 1 OSD test character pattern input. 

Write the two types of test patterns to the specified addresses. 

j£ 3 . 2 Comments 



Writing the name of the product and character ROM data onto EPROMs. 

Addresses 0000i 6 to 000F 16 store the name of the product and addresses 3000 16 to 3FFF 16 store the character ROM 
data. Write the following ASCII codes that indicates 'M37120M6— ' to addresses 0000 16 to 000F 16 . 
If the name of the product contained in the EPROMs does not match the name on the mask ROM confirmation form, 
the ROM processing is disabled. Write the data correctly. 

As for the option, if the contents of the cofirmation and conflict with those of the EPROMs, the contents of the 
EPROMs are preferred. 

1 . Inputting the name of the product with the ASCII code. 
ASCII codes 'M37120M6— ' are listed on the right. 
The addresses and data are in hexadecimal notation. 



Address 








Address 




0000! 6 


'M' 




4D 16 


OOO816 


'-'=2D 16 


0001 16 


'3' 




3 3 16 


0009ie 


FF 16 


0002 16 


'7' 




3 7 16 


000A 16 


FF 16 


0003! 6 


'1 ' 




3 he 


OOOBie 


FF 16 


0004 16 


'2' 




3 2 16 


000C 16 


F F 1fi 


0005 16 


'0' 




3 0 16 


000D 16 


FF 16 


0006 16 


'M' 




4D 16 


000E 16 


F F 1fi 


0007 16 


'6' 




3 6 ie 


000F 16 


FF 16 



Recommend to writing the following pseudo-command to the start address of the assembler source program. 



EPROM type 


27256 


The pseudo-command 


*=$8000 
.BYTEA 'M37120M6-' 



This is an example when the start address of internal ROM is F000 16 . 



2 . Inputting the character ROM 

Input the character ROM data by dividing it into character ROM1 and character ROM2. For the character ROM 
data and test character patterns, see the next page and on. 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH02-89A< 9XA0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37120M6-XXXFP 
MITSUBISHI ELECTRIC 



Mask ROM number 



The structure of character ROM (divide of 12X16 dots font) 



Example 



Character code 
"1A 16 " 



□□□□□□□□□□□a 
□□□□□■□□□□□a 
□□□□□■□□□□□a 

□□□■□□□■□□□a 
□□□■□□□■□□□a 
□□■□□□□□■□□a 

□□■■■■■■■□□a 

□■□□□□□□□■□a 

□□□□□□□□□□□a 
□□□□□□□□□□□□ 



Example 3 iao 16 
31AF 16 



«- Character 
ROM1 

4 





b7 b 6 b 5 b 4 b 3 b 2 b t b 0 




0 


□□□□□□□□ 


oo 16 


1 




04 16 


2 




04 16 


3 




0A 16 


4 




0A 16 


5 




1116 


6 




11 16 


7 




1116 


8 




20 16 


9 




20 16 


A 




3F 16 


B 




40 16 


C 




40 16 


D 




40 16 


E 


□□□□□□□□ 


00 16 


F 


□□□□□□□□ 


00 16 



-►-•-Character-* 
ROM2 

Example 39A0i 6 

s 

39AF 16 





b 7 b 6 b 5 b 4 b 3 b 2 b 0 




0 


□ □□□ 


F0 16 


1 


□ □□□ 


F0 16 


2 


□ □□□ 


F0 16 


3 


□ □□□ 


F0 16 


4 


□ □□□ 


F0 16 


5 


□ □□□ 


F0 16 


6 


□ □□□ 


F0 16 


7 


. F 16 □□□□ 


F0 16 


8 




F8 16 


9 




F8 16 


A 




F8 16 


B 




F4 16 


C 




F4 16 


D 




F4 16 


E 


• □□□□ 


F0 16 


F 


□ □□□ 


F0 16 



AMrrsuBiSHi 
ELECTRIC 
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SERIES ME LPS 740 MASK ROM ORDERING METHOD 



GZZ-SH02-89A< 9XA0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37120M6-XXXFP 
MITSUBISHI ELECTRIC 



Mask ROM number 



Inputting the test character pattern 

Write the following character pattern to the specified addresses. 



(1) Pattern 1 

Character code "7E 16 " 



Address 


Data 


Address 


Data 


37E0 16 


40 16 


3FE0, 6 


F0 16 


37E1 16 


04 16 


3FE1, 6 


F0 16 


37E2 16 


oo 16 


3FE2 16 


F4 16 


37E3 16 


20 16 


3FE3 16 


F0 16 


37E4 16 


02 16 


3FE4 16 


F0 16 


37E5 16 


00, 6 


3FE5 16 


F2 16 


37E6 16 


10,e 


3FE6 16 


F0 16 


37E7 16 


01 16 


3FE7 16 


F0, 6 


37E8 16 


80 16 


3FE8 16 


F0 16 


37E9 16 


08 16 


3FE9 16 


F0, 6 


37EA 16 


oo 16 


3FEA 16 


F8, 6 


37EB 16 


40, 6 


3FEB 16 


F0, 6 


37EC 16 


04, 6 


3FEC 16 


F0, 6 


37ED 16 


00,6 


3FED, 6 


F4, 6 


37EE 16 


20,6 


3FEE 16 


F0, 6 


37EF 16 


02, 6 


3FEF 16 


F0, 6 



(2) Pattern 2 

Character code "7F 16 " 



Address 


Data 


Address 


Data 


37F0 16 


00 16 


3FF0, 6 


F0, 6 


37F1 16 


00,6 


3FF1, 6 


F0, 6 


37F2, 6 


00,6 


3FF2, 6 


F0, 6 


37F3 16 


00,6 


3FF3, 6 


F0,6 


37F4 16 


00,6 


3FF4, 6 


F0, 6 


37F5 16 


00,6 


3FF5 16 


F0, 6 


37F6 16 


00,6 


3FF6, 6 


F0, 6 


37F7 16 


00,6 


3FF7, 6 


F0, 6 


37F8 16 


00,6 


3FF8, 6 


F0, 6 


37F9 16 


00,6 


3FF9, 6 


F0, 6 


37FA 16 


00 16 


3FFA, 6 


F0, 6 


37FB 16 


00 16 


3FFB, 6 


F0,6 


37FC 16 


00,6 


3FFC, 6 


F0, 6 


37FD 16 


00,6 


3FFD, 6 


F0, 6 


37FE, 6 


00,6 


3FFE, 6 


F0,6 


37FF, 6 


00,6 


3FFF, 6 


F0, 6 
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SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37201 M6-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 





Date : 




Section head 


Supervisor 




signature 


signature 


Q. 

<D 






O 






CD 






QC 







Note '. Please fill in all items marked^. 





Company 
name 


TEL 


nee 
ture 


Submitted by 


Supervisor 




( ) 






Customer 






CO CO 
3 e- 








Date 
issued 


Date : 


Iss 
sigi 







^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type 



□ 27256 


address 




OOOO16 
OOOFie 


Area for ASCII codes of the name 
of the product 'M37201M6-' 




~ 






OFFF16 


If/f 




100016 

17FF 16 
180016 
1FFF 16 


Character ROM1 




Character ROM2 




200016 


ROM(24K) 




7FFF 16 











(1) Set "FF 16 " in the shaded area 

(2) Write the ASCII codes that indicates the name of the product 'M37201 M6-' to addresses 0000 16 to 000F 16 . 
^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37201M6-XXXSP) and attach to the mask ROM confirmation 
form. 



5-17 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH04-OOA<01AO> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37201 M6-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 



«3. 1 l 2 Cbus* 

Would you use l 2 C bus function ? 



□Use 



□ Not use 



^ 3 . 2 OSD test character pattern input. 

Write the two types of test patterns to the specified addresses. 

^ 3 . 3 Comments 



Writing the name of the product and character ROM data onto EPROMs. 

Addresses 0000 16 to 000F 16 store the name of the product and addresses 1000 16 to 1FFF 16 store the character ROM 
data. Write the following ASCII codes that indicates 'M37201M6-' to addresses 0000 16 to 000F 16 . 
If the name of the product contained in the EPROMs does not match the name on the mask ROM confirmation form, 
the ROM processing is disabled. Write the data correctly. 

1 . Inputting the name of the product with the ASCII code. 
ASCII codes 'M37201M6-' are listed on the right. 
The addresses and data are in hexadecimal notation. 



Address 




Address 




0000 16 


'M' = 4 D 16 


OOO816 


'-'=2D 1fi 


0001 16 


'3'=3 3 1B 


0009ie 


FF 16 


0002 16 


'7»=3 7 16 


000A 16 


F F 1B 


0003! 6 


'2' = 3 2 16 


000Bi 6 


FF 16 


0004 16 


'0'=3 0 16 


000C 16 


FF 16 


0005 16 


T =3 1 1fi 


000Di 6 


FF 16 


0006! 6 


'M'=4 D 16 


000E 16 


FF 1fi 


0007i 6 


'6'=3 6 1fi 


000F 16 


FF 16 



Inputting the character ROM 

Input the character ROM data by dividing it into character ROM1 and character ROM2. For the character ROM 
data and test character patterns, see the next page and on. 



Purchase of Mitsubishi Electric Corporation's l 2 C components converys a license under the Philips l 2 C Patent 
Rights to use these components in an l 2 C system, provided that the system conforms to the l 2 C Standard Speci- 
fication as defined by Philips. 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH04-00A< 01 AO > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37201 M6-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 



The structure of character ROM (divide of 12X16 dots font) 



Example 



Character code 



□□□□□□□□□□□□ 

□□□□□■□□□□□a 
□□□□□■□□□□□a 

□□□■□□□■□□□a 
□□□■□□□■□□□a 
□□■□□□□□■□an 

□■□□□□□□□■□a 
□■□□□□□□□■□a 
□■□□□□□□□■□a 

□□□□□□□□□□□a 
□□□□□□□□□□□□ 



Example 



11A0 16 



11AF 16 



«- Character 
ROM1 



-*«-Character- 
ROM2 





b? b 6 b 5 b 4 b 3 b 2 b 0 




Example 


19A0 16 




b 7 b 6 b 5 b 4 b 3 b 2 to, b 0 




0 


□□□□□□□□ 


oo 16 




0 


□ □□□ 


F0 16 


1 




04 16 






1 


□ □□□ 


F0 16 


2 




04 16 




19AF 16 


2 


□ □□□ 


F0 16 


3 




0A 16 






3 


□ □□□ 


F0 16 


4 




0A 16 






4 


□ □□□ 


F0 16 


5 




1116 






5 


□ □□□ 


F0 16 


6 




1116 






6 


□ □□□ 


F0 16 


7 




1116 






7 


Ft 6 □□□□ 


F0 16 


8 




20 16 






8 




F8 16 


9 




20 16 






9 




F8 16 


A 




3F 16 






A 




F8 16 


B 




40 16 






B 




F4 16 


C 




40 16 






C 




F4 16 


D 




40 16 






D 




F4 16 


E 


□□□□□□□□ 


00 16 






E 


□ □□□ 


F0 16 , 


F 


□□□□□□□□ 


oo 16 






F 


□ □□□ 


F0 16 



MITSUBISHI 
k ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH04-OOA< 01 AO > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37201 M6-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 



Inputting the test character pattern 

Write the following character pattern to the specified addresses. 



(1 ) Pattern 1 

Character code "7E 16 " 



Address 


Data 


Address 


Data 


17E0 16 


40 16 


1FE0 16 


F0 16 


17E1 16 


04-, 6 


1FE1 16 


F0 16 


17E2 16 


oo 16 


1FE2 16 


F4 16 


17E3 16 


20 16 


1FE3 16 


F0 16 


17E4 16 


02 16 


1FE4 16 


F0 16 


17E5 16 


00! 6 


1FE5 16 


F2 16 


17E6 16 


10ie 


1FE6 16 


F0 16 


17E7 16 


01 16 


1FE7 16 


F0 n6 


17E8 16 


80! 6 


1FE8 16 


F0 16 


17E9 16 


08 16 


1FE9 16 


F0 16 


17EA 16 


oo 16 


1FEA 16 


F8 16 


17EB 16 


40 16 


1FEB 16 


F0 16 


17EC 16 


04, 6 


1FEC 16 


, F0 16 


17ED 16 


00, 6 


1FED 16 , 


F4 16 


17EE 16 . 


2'0 16 


1FEE 16 


F0 16 


17EF 16 


02 16 


1FEF 16 


F0 16 



(2) Pattern 2 

Character code "7F 16 " 



Address 


Data 


Address 


Data 


17F0 16 


oo 16 


1FF0i 6 


F0 16 


17F1 16 


00! 6 


1FF1 16 


F0 16 


17F2 16 


00! 6 


1FF2i 6 


F0 16 


17F3 16 


oo 16 


1FF3 16 


F0 16 


17F4 16 


00! 6 


1FF4 16 


F0 16 


17F5 16 


00i 6 


1FF5i 6 


F0 16 


17F6 16 


00i 6 


1FF6 16 


F0 16 


17F7 16 


00i6 


1FF7 16 


F0 16 


17F8 16 


oo 16 


1FF8i 6 


F0 16 


17F9 16 


oo 16 


1FF9 16 


F0 16 


17FA 16 


oo 16 


1FFA 16 


F0 16 


17FB 16 


00! 6 


1FFB 16 


F0 16 


17FC 16 


oo 16 


1FFC 16 


F0 16 


17FD 16 


00! 6 


1FFD 16 


F0 16 


17FE 16 


00 16 


1FFE 16 


F0 16 


17FF 16 


00i 6 


1FFF 16 


F0 16 
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MITSUBISHI 
ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MEL PS 740 MASK ROM ORDERING METHOD 



GZZ-SH03-71 A< 08A0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37202M3-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 





Date : 




Section head 


Supervisor 


Q. 


signature 


signature 


© 






O 






CD 






cc 







Note '. Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


Issuance 
signature 


Submitted by 


Supervisor 






Date 
issued 


Date : 



1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type 



□ 27256 



address 
000016 



2FFF 16 
300016 
35DF 16 

37E016 
380016 
3DDF16 
3FE016 
3FFF16 
500016 



Area for ASCII codes of the name 
of the product 'M37202M3-' 




Character ROM1 



OSD test character patterns 



Character ROM2 



OSD test character patterns 



(1) Set "FF 16 " in the shaded area. 

(2) Write the ASCII codes that indicates the name of the product 'M37202M3-' to addresses 0000 i6 to 000F 16 
^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37202M3-XXXSP) and attach to the mask ROM confirmation 
form. 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH03-71 A< 08A0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37202M3-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 



*3. 1 l 2 Cbus* 

Would you use l 2 C bus function ? DUse 



□ Not use 



^ 3 . 2 OSD test character pattern input. 

Write the two types of test patterns to the specified addresses. 

^ 3 . 3 Comments 



Writing the name of the product and character ROM data onto EPROMs. 

Addresses 0000 16 to 000F 16 store the name of the product and addresses 3000 16 to 3FFF 16 store the character ROM 
data. Write the following ASCII codes that indicates 'M37202M3-' to addresses 0000 16 to 000F 16 . 
If the name of the product contained in the EPROMs does not match the name on the mask ROM confirmation form, 
the ROM processing is disabled. Write the data correctly. 

1 . Inputting the name of the product with the ASCII code. 
ASCII codes 'M37202M3-' are listed on the right. 
The addresses and data are in hexadecimal notation 1 . 



Address 








Address 




0000 16 


'M' 




4D 16 


0008 16 


'-'=2D 16 


0001 16 


'3' 




3 3 ie 


0009 16 


FF 16 


0002 16 


'7' 




3 7 16 


000A 16 


FF 16 


0003 16 


'2' 




3 2 16 


OOOBie 


FF 16 


0004 16 


'0' 




3 0 1(5 


000C 16 


FF 16 


0005 16 


'2' 




3 2 ia 


000D 16 


FF 16 


0006 16 


'M' 




4D 16 


000E 16 


FF 16 


0007 16 


'3' 




3 3 16 


000F 16 


FF 16 



Inputting the character ROM 

Input the character ROM data by dividing it into character ROM1 and character ROM2. For the character ROM 
data and test character patterns, see the next page and on. 



* Purchase of Mitsubishi Electric Corporation's l 2 C components converys a license under the Philips l 2 C Patent 
Rights to use these components in an l 2 C system, provided that the system conforms to the l 2 C Standard Speci- 
fication as defined by Philips. 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH03-71 A< 08A0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37202M3-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 



The structure of character ROM (divide of 12X16 dots font) 



Example 



Character code 

"•4 A " 
1Al 6 



□□□□□□□□□□□a 

□□□□□■□□□□□a 
□□□□■□■□□□an 
□□□□■□■□□□□a 

□□□■□□□■□□□a 
□□□■□□□■□□□a 
□□■□□□□□■□□a 
□□■□□□□□■□□n 

□■□□□□□□□■□a 

□□□□□□□□□□□a 
□□□□□□□□□□□□ 



Example 



31A0 16 

s 

31AF 16 



Character 
ROM1 





b 7 b 6 b 5 b 4 b 3 b 2 to, b 0 




0 □□□□□□□□ 


00 16 


1 




04 16 




04 16 


3 




OA, 6 


4 




0A 16 


5 




Hie 


6 




Hie 


7 




Hie 


8 




20 16 


9 




20 16 


A 




3F 16 


B 




40 16 


C 




40 16 


D 




40 16 


E 


□□□□□□□□ 


00 16 


F 


□□□□□□□□ 


oo 16 



-►♦-Character-*' 
ROM2 



Example 



39A0 16 


by 


b6 b 5 b 4 


b 3 b 2 b, b 0 




0 




□ □□□ F0 16 


s 


1 




□ □□□ F0 16 


39AF 16 


2 




□ □□□ F0 16 




3 




□ □□□ F0 16 




4 




□ □□□ F0 16 




5 




□ □□□ F0 16 




6 




□ □□□ F0 16 




7 




□ □□□ F0 16 




8 




■ F8 16 




9 




pnna fs 16 




A 




■ F8 16 




B 




□ F4 16 




C 




□ F4 16 




D 




□ F4 16 




E 




□ □□□ F0 16 




F 




□ □□□ F0 16 



MTTSUBiSH) 
k ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH03-71A<08A0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37202M3-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 



Inputting the test character pattern 

Write the following character pattern to the specified addresses. 



(1 ) Pattern 1 

Character code "7E 16 " 



Address 


Data 


Address 


Data 


37E0 16 


40! 6 


3FE0 16 


F0 16 


37E1 16 


04 1 6 


3FE1 16 


F0 16 


37E2 16 


oo 16 


3FE2 16 


F4 16 


37E3 16 


20, 6 


3FE3 16 


F0 16 


37E4 16 


02 16 


3FE4 16 


F0 16 


37E5 16 


oo 16 


3FE5 16 


F2 16 


37E6 16 


10ie 


3FE6 16 


F0 16 


37E7 16 


01 16 


3FE7 16 


F0 16 


37E8 16 


80 16 


3FE8 16 


F0 16 


37E9 16 


08 16 


3FE9 16 


F0 16 


37EA 16 


oo 16 


3FEA 16 


F8 16 


37EB 16 


40 16 


3FEB 16 


F0 16 


37EC 16 


04, 6 


3FEC 16 


F0 16 


37ED 16 


00, 6 


3FED 16 


F4 16 


37EE 16 


20, 6 


3FEE 16 


F0 16 


37EF 16 


02, 6 


3FEF 16 


F0 16 



(2) Pattern 2 

Character code "7F 16 " 



Address 


Data 


Address 


Data 


37F0 16 


00 16 


3FF0 16 


F0 16 


37F1 16 


oo 16 


3FF1i 6 


F0 16 


37F2 16 


00, 6 


3FF2i 6 


F0 16 


37F3 16 


oo 16 


3FF3i 6 


F0 16 


37F4 16 


00, 6 


3FF4 16 


F0 16 


37F5 16 


oo 16 


3FF5 16 


F0 16 


37F6 16 


00! 6 


3FF6 16 


F0 16 


37F7 16 


00 16 


3FF7 16 


F0 16 


37F8 16 


00! 6 


3FF8 16 


F0 16 


37F9 16 


oo 16 


3FF9 16 


F0 16 


37FA 16 


oo 16 


3FFA 16 


F0 16 


37FB 16 


oo 16 


3FFB 16 


F0 16 


37FC 16 


oo 16 


3FFC 16 


F0 16 


37FD 16 


00i 6 


3FFD 16 


F0 16 


37FE 16 


00! 6 


3FFE 16 


F0 16 


37FF 16 


00i 6 


3FFF 16 


F0 16 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH04-09A<11A0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37204M8-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 





Date : 




Section head 


Supervisor 


Q. 


signature 


signature 


0 






O 






CD 






DC 







Note : Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


Issuance 
signature 


Submitted by 


Supervisor 






Date 
issued 


Date : 



1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type 



□ 27512 


address 




000016 
OO0F 16 


Area for ASCII codes of the name 
of the product 'M37204M8-' 




001016 






2FFF 16 






300016 


Character ROM1-a 




380016 


Character ROM2-a 




400016 


Character ROM1-b 




480016 
4FFFi 6 


Character ROM2-D 




'////////// T7 




800016 


ROM(32K) 




FFFFie 









(1) Set "FF 16 " in the shaded area. 

(2) Write the ASCII codes that indicates the name of the product 'M37204M8-' to addresses 0000 16 to 000F 16 . 
^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37204M8-XXXSP) and attach to the mask ROM confirmation 
form. 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH04-09A < 1 1 AO > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37204M8-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 



*3. 1 I 



2 C bus* 

Would you use l 2 C bus function ? DUse 



□ Not use 



3 . 2 OSD test character pattern input. 

Write the two types of test patterns to the specified addresses. 

^ 3 . 3 Comments 



Writing the name of the product and character ROM data onto EPROMs. 

Addresses 0000 16 to 000F 16 store the name of the product and addresses 3000 16 to 4FFF 16 store the character ROM 
data. Write the following ASCII codes that indicates 'M37204M8-' to addresses 0000 16 to 000F 16 . 
If the name of the product contained in the EPROMs does not match the name on the mask ROM confirmation form, 
the ROM processing is disabled. Write the data correctly. 

1 . Inputting the name of the product with the ASCII code. 
ASCII codes 'M37204M8-' are listed on the right. 
The addresses and data are in hexadecimal notation. 



Address 








Address 




OOOO16 


'M' 




4D 16 < 


0008 16 


'-'=2D 16 


0001 16 


'3' 




3 3 16 


0009! 6 


FF 16 


0002 16 


'7' 




3 7 ie 


000 A! 6 


FF 16 


0003i 6 


'2' 




3 2 19 


000B 16 


FF 16 


0004 16 


'0' 




3 0 ie 


000C 16 


FF 16 


0005 16 


'4' 




3 4 16 


000D 16 


FF 16 


OOO616 


'M' 




4D 16 


000E 16 


FF 16 


0007 16 


'8' 




3 8 19 


000F 16 


FF 16 



Inputting the character ROM 

Input the character ROM data by dividing it into character ROM1 and character ROM2. For the character ROM 
data and test character patterns, see the next page and on. 



* : Purchase of Mitsubishi Electric Corporation's l 2 C components converys a license under the Philips l 2 C Patent 
Rights to use these components in an l 2 C system, provided that the system conforms to the l 2 C Standard Speci- 
fication as defined by Philips. 
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MITSUBISHI MICROCOMPUTERS 

SERIES MEL PS 740 MASK ROM ORDERING METHOD 



GZZ-SH04-09A<11A0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37204M8-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 



The structure of character ROM (divide of 12X16 dots font) 



Example 



Character code 
1A 16 



□□□□□□□□□□□a 
□□□□□■□□□□□a 
□□□□□■□□□□□a 
□□□□■□■□□□□a 

□□□■□□□■□□□a 
□□□■□□□■□□□a 
□□□■□□□■□□□a 
□□■□□□□□■□□a 
□□■□□□□□■□□a 

□■□□□□□□□■□a 

□□□□□□□□□□□□ 
□□□□□□□□□□□a 



(Note) 

Write the character code 00 16 ~~ 7F 16 to 
addresses 3000 16 to 3FFF 16 
Write the character code 80 16 ~ FF 16 to 
addresses 4000 16 to 4FFF 16 



Example 



31A0 16 
31AF 16 



«- Character 
ROM1 





D7 b 6 b 5 b 4 b 3 b 2 bi bo 




0 


□□□□□□□□ 


00,6 


1 




04 16 


2 




04 16 


3 




0A 16 


4 




0A 16 


5 




Hie 


6 




Hie 


7 




Hie 


8 




20 16 


9 




20 16 


A 




3F 16 


B 




40 16 


C 




40 16 


D 




40 16 


E 


□□□□□□□□ 


00 16 


F 


□□□□□□□□ 


00 16 



-►"-Character-* 
ROM2 



Example 



39A0 16 
39AF 16 



b 7 b 6 b 5 b 4 b 3 b 2 b, b 0 



0 


□ □□□ F0 16 


1 


□ □□□ F0 16 


2 


□ □□□ F0 16 


3 


□ □□□ F0 16 


4 


□ □□□ F0 16 


5 


□ □□□ F0 16 


6 


□ □□□ F0 16 


7 


F f6 □□□□ F0 16 


8 


■ F8 16 


9 


■ F8 16 


A 


■ F8 16 


B 


□ F4 16 


C 


□ F4 16 


D 


□ F4 16 


E 


□ □□□ F0 16 


F 


□ □□□ F0 16 



5-27 



MITSUBISHI MICROCOMPUTERS 
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GZZ-SH04-09A< 1 1 AO > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37204M8-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 



Inputting the test character pattern 

Write the following character pattern to the specified addresses. 



(1) Pattern 1 

Character code "7E 16 " 



Address 


Data 


Address 


Data 


37E0 16 


40 16 


3FE0 16 


F0 16 


37E1 16 


04 16 


3FE1 16 


F0 16 


37E2 16 


00! 6 


3FE2 16 


F4 16 


37E3 16 


20 16 


3FE3 16 


F0 16 


37E4 16 


02 16 


3FE4 16 


F0 16 


37E5 16 


00! 6 


3FE5 16 


F2 16 


37E6 16 


10 16 


3FE6 16 


F0 16 


37E7 16 


01 16 


3FE7 16 


F0 16 


37E8 16 


80 16 


3FE8 16 


F0 16 


37E9 16 


08 16 


3FE9 16 


F0 16 


37EA 16 


oo 16 


3FEA 16 


F8 16 


37EB 16 


40 16 


3FEB 16 


F0 16 


37EC 16 


04, 6 


3FEC 16 


F0 16 


37ED 16 


00 16 


3FED 16 


F4 16 


37EE 16 


20 16 


3FEE 16 


F0 16 


37EF 16 


02 16 


3FEF 16 


F0 16 



(2) Pattern 2 



Character code "7F 16 " 



Address 


Data 


Address 


Data 


37F0 16 


oo 16 


3FF0 16 


F0 16 


37F1 16 


oo 16 


3FF1 16 


F0 16 


37F2 16 


00 16 


3FF2 16 


F0 16 


37F3 16 


00, 6 


3FF3 16 


F0 16 


37F4 16 


oo n6 


3FF4 16 


F0 16 


37F5 16 


00, 6 


3FF5 16 


F0 16 


37F6 16 


oo 16 


3FF6 16 


F0 16 


37F7 16 


oo 16 


3FF7 16 


F0 16 


37F8 16 


oo 16 


3FF8 16 


F0 16 


37F9 16 


00, 6 


3FF9 16 


F0 16 


37FA 16 


00! 6 


3FFA 16 


F0 16 


37FB 16 


00! 6 


3FFB 16 


F0 16 


37FC 16 


oo 16 


3FFC 16 


F0 16 


37FD 16 


oo 16 


3FFD 16 


F0 16 


37FE 16 


OOt 6 


3FFE 16 


F0 16 


37FF 16 


00 16 


3FFF 16 


F0 16 
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SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH04-01 A< OYAO > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37250M6-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 



Receipt 


Date : 


Section head 
signature 


Supervisor 
signature 







Note : Please fill in all items marked^. 





Company 
name 


TEL 




Submitted by 


Supervisor 


Customer 


( ) 


ance 
lature 








Date 
issued 


Date : 


Issu 
sigr 







^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets^of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type 



□ 27256 


address 




000016 
OOOFie 


Area for ASCII codes of the name 
of the product 'M37250M6-' 




001016 






OFFFie 






100016 
17FF16 


Character ROM1 




180016 
1FFF 16 


Character ROM2 




200016 


ROM(24K) 




7FFF 16 









(1) Set "FF 16 " in the shaded area. 

(2) Write the ASCII codes that indicates the name of the product 'M37250M6-' to addresses 0000 16 to 000F 16 . 
2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37250M6-XXXSP) and attach to the mask ROM confirmation 
form. 
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MITSUBISHI MICROCOMPUTERS 

SERIES ME LPS 740 MASK ROM ORDERING METHOD 



GZZ-SH04-01 A< OYAO > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM I i I 

SINGLE-CHIP MICROCOMPUTER M37250M6-XXXSP 
MITSUBISHI ELECTRIC 

&3. 1 l 2 Cbus* 

Would you use l 2 C bus function ? DUse DNot use 

j& 3 . 2 OSD test character pattern input. 

Write the two types of test patterns to the specified addresses. 

^ 3 . 3 Comments 

Writing the name of the product and character ROM data onto EPROMs. 

Addresses 0000 16 to 000F 16 store the name of the product and addresses 1000 16 to 1FFF 16 store the character ROM 
data. Write the following ASCII codes that indicates 'M37250M6-' to addresses 0000 16 to 000F 16 . 
If the name of the product contained in the EPROMs does not match the name on the mask ROM confirmation form, 
the ROM processing is disabled. Write the data correctly. 



1 . Inputting the name of the product with the ASCII code. 
ASCII codes 'M37250M6-' are listed on the right. 
The addresses and data are in hexadecimal notation. 



Address 








Address 




0000 16 


'M' 




4D 16 


OOO816 


'-'=2D 1fi 


0001 16 


'3' 




3 3 19 


0009i 6 


FF 16 


0002 16 


'7' 




3 7 16 


000A 16 


F F 1fi 


0003 16 


, 2 , 




3 2 16 


000B 16 


FF 16 


0004 16 


'5' 




3 5 16 


000C 16 


FF 16 


0005 16 


'0' 




3 0 16 


000D 16 


FF 16 


0006! 6 


'M' 




4D 1f5 


000E 16 


FF 16 


0007 16 


'6' 




3 6 ie 


000F 16 


FF 16 



2 . Inputting the character ROM 

Input the character ROM data by dividing it into character flOM1 and character ROM2. For the character ROM 
data and test character patterns, see the next page and on. 



* ! Purchase of Mitsubishi Electric Corporation's l 2 C components converys a license under the Philips l 2 C Patent 
Rights to use these components in an l 2 C system, provided that the system conforms to the l 2 C Standard Speci- 
fication as defined by Philips. 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH04-01A<0YA0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37250M6-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 



The structure of character ROM (divide of 12X16 dots font) 



Example 



Character code 
"1A 16 " 



□□□□□□□□□□□a 
□□□□□■□□□□□a 
□□□□□■□□□□□a 
□□□□■□■□□□□a 
□□□□■□■□□□□a 

□□□■□□□■□□□a 

□□■■■■■■■□□a 

□■□□□□□□□■□a 
□■□□□□□□□■□a 
□■□□□□□□□■□a 

□□□□□□□□□□□□ 
□□□□□□□□□□□□ 



Example 



11A0 16 
11AF 16 



+- Character 
ROM1 





b 7 b 6 b 5 b 4 b 3 b 2 b, b 0 




0 


□□□□□□□□ 


00 16 


1 




04 16 


2 




04 16 


3 




0A 16 


4 




0A 16 


5 




11ie 


6 




11 16 


7 




11 16 


8 




20 16 


9 




20 16 


A 




3F 16 


B 




40 16 


C 




40 16 


D 




40 16 


E 


□□□□□□□□ 


oo 16 


F 


□□□□□□□□ 


00 16 



-►♦-Character-* 
ROM2 



Example 



19 Ad 6 


by 


b 6 b 5 b 4 b 3 b 2 b^ bo 


0 


□ □□□ F0 16 


s 


1 


□ □□□ F0 16 


19AF 16 


2 


□ □□□ F0 16 




3 


□ □□□ F0 16 




4 


□ □□□ F0 16 




5 


□ □□□ F0 16 




6 • 


□ □□□ F0 16 




7 


F T6 □□□□ F0 16 




8 


■ F8 16 




9 


■ F8 16 




A 


■ F8 16 




B 


□ F4 16 




C 


□ F4 16 




D 


□ F4 16 




E • 


□ □□□ F0 16 




F 


□ □□□ F0 16 



MITSUBISHI 
i ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

SERIES ME LPS 740 MASK ROM ORDERING METHOD 



GZZ-SH04-01 A< OYAO > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37250M6-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 



Inputting the test character pattern 

Write the following character pattern to the specified addresses. 

(1) Pattern 1 



Character code "7E 16 ! 
■ 



Address 


Data 


Address 


Data 


17E0 16 


40, 6 


1FE0 16 


F0 16 


17E1 16 


04 16 


1FE1 16 


F0 16 


17E2 16 


oo 16 


1FE2 16 


F4 16 


17E3 16 


20 16 - 


1FE3 16 


F0 16 


17E4 16 


02 16 


1FE4 16 


F0 16 


17E5 16 


00! 6 


1FE5 16 


F2 16 


17E6 16 


10 16 


1FE6 16 


F0 16 


17E7 16 


01 16 


1FE7 16 


F0 16 


17E8 16 


80 16 


1FE8 16 


F0 16 


17E9 16 


08, 6 


1FE9 16 


F0 16 


17EA 16 


00,6 


1FEA 16 


F8 16 


17EB 16 


40 16 


1FEB 16 


F0 16 


17EC 16 


04 16 


1FEC 16 


F0 16 


17ED 16 


00! 6 


1FED 16 


F4 16 


17EE 16 


20 16 


1FEE 16 


F0 16 


17EF 16 


02 16 


1FEF 16 


F0 16 



(2) Pattern 2 

Character code "7F 16 " 



Address 


Data 


Address 


Data 


' 17F0 16 


oo 16 


1FF0i 6 


F0 16 


17F1 16 


oo 16 


1FF1 16 


F0 16 


17F2 16 


oo 16 


1FF2i 6 


F0 16 


17F3 16 


00 16 


1FF3i 6 


F0 16 


17F4 16 


oo 16 


1FF4 16 


F0 16 


17F5 16 


00! 6 


1FF5i 6 


F0 16 


17F6 16 


oo 16 


1FF6i 6 


F0 16 


17F7 16 


00! 6 


1FF7i 6 


F0 16 


17F8 16 


00! 6 


1FF8i 6 


F0 16 


17F9 16 


00! 6 


1FF9 16 


F0 16 


17FA 16 


00i 6 


1FFA 16 


F0 16 


17FB 16 


00! 6 


1FFB 16 


F0 16 


17FC 16 


oo 16 


1FFC 16 


F0 16 


17FD 16 


oo 16 


1FFD 16 


F0 16 


17FE 16 


OO16 


1FFE 16 


F0 16 


17FF 16 


00! 6 


1FFF 16 


F0 16 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH04-05A< OZAO > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37260M6-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 





Date : 


Q. 


Section head 
signature 


Supervisor 
signature 


'<D 






O 
<D 
DC 







Note Please fill in all items marked-^. 





Company 
name 


TEL 




Submitted by 


Supervisor 


Customer 


( ) 


lance 








Date 
issued 


Date : 


Issl 
sign 







^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type 



□ 27512 


address 




000016 


Area for ASCII codes of the name 




OOOFie 


of the product 'M37260M6-' 




001 0i 6 






2FFF16 






300016 






7FFF 16 


Character ROM 






8OOO16 


7/////////// 




9FFF 16 






AOOO16 








ROM(24K) 




FFFFie 









(1) Set "FF 16 " in the shaded area. 

(2) Write the ASCII codes that indicates the name of the product 'M37260M6-' to addresses 0000 16 to 000F 16 . 
2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (52P4B for M37260M6-XXXSP) and attach to the mask ROM confirmation 
form. 
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GZZ-SH04-05A< OZAO > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37260M6-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 



&3. 1 l 2 Cbus* 

Would you use l 2 C bus function ? 



□ Use 



□Not use 



^ 3 . 2 OSD test character pattern input. 

Write the two types of test patterns to the specified addresses. 

^ 3 . 3 Comments 



Writing the name of the product and character ROM data onto EPROMs. 

Addresses 0000i 6 to 000F 16 store the name of the product and addresses 3000i 6 to 7FFF 16 store the character ROM 
data. Write the following ASCII codes that indicates 'M37260M6-' to addresses 0000 16 to 000F 16 . 
If the name of the product contained in the EPROMs does not match the name on the mask ROM confirmation form, 
the ROM processing is disabled. Write the data correctly. 

. Inputting the name of the product with the ASCII code. 
ASCII codes 'M37260M6-' are listed on the right. 
The addresses and data are in hexadecimal notation. 



Address 








Address 




0000 16 


•M' 




4D 16 


0008 16 


'-' = 2D 16 


0001 16 


'3' 




3 3 ie 


0009i 6 


FF 16 


0002 16 


'7' 




3 7 ie 


000A 16 


F F 1fi 


0003! 6 


'2' 




3 2 16 


000B 16 


FF 16 


0004 16 


'6' 




3 6 ie 


000C 16 


F F 16 


0005 16 


'0' 




3 0 16 


000D 16 


FF 16 


0006 16 


'M' 




4D 16 


000E 16 


FF 16 


0007 16 


'6' 




3 6 16 


000F 16 


FF 16 



Inputting the character ROM 

Input the character ROM data by dividing it into four parts, 
terns, see the next page and on. 



For the character ROM data and test character pat- 



* : Purchase of Mitsubishi Electric Corporation's l 2 C components converys a license under the Philips l 2 C Patent 
Rights to use these components in an l 2 C system, provided that the system conforms to the l 2 C Standard Speci- 
fication as defined by Philips. 
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GZZ-SH04-05A< OZAO > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37260M6-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 



The structure of character ROM (divide of 16X20 dots font) 



Example 



□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 

Character code 

"n 16 " 
(n=0~1FF 16 ) 

□□□□□■□□□□■□□□DO 

□□□■■■■■■■■■■□□a 

□□■□□□□□□□□□□■□a 
□□■□□□□□□□□□□■□a 

□□□□□□□□□□□□□□□a 



Character Character 
ROM address ROM data 

b 7 b6 bs b 4 b 3 b 2 b 0 
3000 16 +20 16 Xn 16 +0 t6 □□□□□□□□ 00 16 
3000 16 +20 16 Xn 16 +2 16 □□□□□□□□ °°16 
3000 16 +20 16 Xn 16 +4 16 01 16 
3000 16 +20 16 Xn 16 +6 16 01 16 
3000 16 +20 16 Xn 16 +8 16 02 16 
3000 16 +20 l6 Xn 16 +A 16 02 16 
3000 16 +20 16 Xn 16 +C 16 04 16 
3000 16 +20 16 Xn 16 +E 16 04 16 
3000 16 +20 16 Xn 16 +10 16 08 16 
3000 16 + 20 16 X ni 6 + 1 2 16 Q □ Q □ > Q Q □ 08 16 
3000 16 +20 16 Xn 16 +14 16 QQQQB|nnn 08 16 

3ooo 16 +2o 16 xn 16 +i6 16 nnnBnnnn i 0lB 

3000 16 +20 16 Xn 16 +18 16 nQQ»|BBB 1Fie 

3ooo 16 +2o 16 xn 16 +iA 16 nnGHnnnn io 16 
3ooo 16 +2o 16 xn 16 +ic 16 nnBnnnnn 2o 16 
3ooo 16 +2o 16 xn 16 +iE 16 nGHnnnnn 2o 16 



Character Character 

ROM address ROM data 

b 7 b 6 b 5 b 4 b 3 b 2 b 0 
3000 16 +20 16 Xn 16 +1 16 □□□□□□□□ 00 16 
3000 16 +20 16 Xn 16 +3 16 □□□□□□□□ 00 16 

3000 16 +20 16 Xn 16 +5 16 80 16 

3000 16 +20 16 Xn 16 +7 16 80 16 

3000 16 +20 16 Xn 16 +9 16 40 16 

3000 16 +20 16 Xn 16 +B 16 40 16 

3000 16 +20 16 Xn 16 +D 16 20 16 

3000 16 +20 16 Xn 16 +F 16 20 16 

3000 16 +20 16 Xn 16 +11 16 10 16 

3000 16 +20 16 Xn 16 +13 16 10 16 

3000 16 +20 16 Xn 16 +15 16 10 16 

3000 16 +20 16 Xn 16 +17 16 08 16 

3000 16 +20 16 Xn 16 +19 16 F8 16 

3000 16 +20 16 Xn 16 +1B 16 08 16 

3000 16 +20 16 Xn 16 +1D 16 04 16 

3000 16 +20 16 Xn 16 +1F 16 04 16 



b 7 b 6 b 5 b 4 b 3 b 2 b-i b 0 

7000 16 +8 16 Xn 16 +0 16 20 16 

7000 16 +8 16 Xn 16 +2 16 40 16 

7000 16 +8 16 Xn 16 +4 16 40 16 

7000 16 +8 16 Xn 16 +6 16 □□□□□□□□ 00 16 



b 7 b 6 b 5 b 4 b 3 b 2 b t b 0 
7000 16 +8 16 Xn 16 +1 16 04 16 
7000 16 +8 16 Xn 16 +3 16 02 16 
7000 16 +8 16 Xn 16 +5 16 02 16 
7000 16 +8 16 Xn 16 +7 16 □□□□□□□□ 00 16 



5-35 



MITSUBISHI MICROCOMPUTERS 
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GZZ-SH04-05A< OZAO > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37260M6-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 



Inputting the test character pattern 

Write the following character pattern to the specified addresses. 



(1) Pattern 1 

□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 
□□□■□□□■□□□■□□□a 

□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 

Character code "1FE 16 " 



Address 


Data 


Address 


Data 


6FC0 16 


8816 


6FD0 16 


22 16 


6FC1 16 


11 16 


6FD1i 6 


22 16 


6FC2 16 


00! 6 


6FD2 16 


oo 16 


6FC3 16 


00! 6 


6FD3 16 


00! 6 


6FC4 16 


00! 6 


6FD4i 6 


,oo 16 


6FC5 16 


00! 6 


6FD5i 6 


oo 16 


6FC6 16 


00i 6 


6FD6i 6 


00 16 


6FC7 16 


00i 6 


6FD7i 6 


00 16 


6FC8 16 


44 16 


6FD8i 6 


11 16 


6FC9 16 


44! 6 


6FD9i 6 


1116 


6FCA 16 


00! 6 


6FDA 16 


oo 16 


6FCB 16 


00i 6 


6FDB 16 


. oo 16 


6FCC 16 


00i 6 


6FDC 16 


oo 16 


6FCD 16 


00i 6 


6FDD 16 


00! 6 


6FCE 16 


oo 16 


6FDE 16 


OOn 6 


6FCF 16 


00! 6 


6FDF 16 


00! 6 


7FF0 16 


08 16 


7FF4 16 


00! 6 


7FF1 16 


88i 6 


7FF5 16 


00i 6 


7FF2 16 


00i 6 


7FF6 16 


80i 6 


7FF3 16 


00i 6 


7FF7 16 


1116 



(2) Pattern 2 



□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 

Character code "1FF 16 " 



Address 


Data 


Address 


Data 


6FE0i 6 


00! 6 


6FF0 16 


oo 16 


6FEI16 


00! 6 


6FF1 16 


oo 16 


6FE2 16 


00 16 


6FF2 16 


oo 16 


6FE3 16 


oo 16 


6FF3 16 


oo 16 


6FE4 16 


00 16 


6FF4 16 


oo 16 


6FE5 n6 


oo 16 


6FF5 16 


00, 6 


6FE6 16 


oo 16 


6FF6 16 


. 00, 6 


6FE7 16 


oo 16 


6FF7 16 


00, 6 


6FE8 16 


oo 16 


6FF8 16 


oo 16 


6FE9 16 


oo 16 


6FF9 16 


oo 16 


6FEA 16 


oo 16 


6FFA 16 


00, 6 


6FEB 16 


oo, 6 


6FFB 16 


00, 6 


6FEC 16 


oo 16 


6FFC 16 


00, 6 


6FED 16 


oo 16 


6FFD 16 


00,6 


6FEE 16 


oo 16 


6FFE 16 


00 16 


6FEF 16 


oo 16 


6FFF 16 


00,6 


7FF8 16 


oo 16 


7FFC 16 


00 16 


7FF9 16 


oo 16 


7FFD 16 


00 16 


7FFA 16 


oo 16 


7FFE 16 


00,6 


7FFB 16 


00! 6 


7FFF 16 


00,6 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01-60A< 86A0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37409M2-XXXSP/FP 
MITSUBISHI ELECTRIC 



Mask ROM number 





Date : 




Section head 
signature 


Supervisor 
signature 


Q. 

CD 
O 






CD 
CC 







Note : Please fill in all Items marked^. 





Company 
name 


TEL 


Issuance 
signature 


Submitted by 


Supervisor 


Customer 


( ) 








Date 
issued 


Date : 







^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets qf EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 

Microcomputer name : □ M37409M2-XXXSP □ M37409M2-XXXFP 



Checksum code for entire EPROM 



EPROM type 



□ 2764 


□ 27128 


Address 
0000 16 

000F 16 






Address 






Area for ASCII 
codes of the 
catalog name 
'M37409M2-'. 




0000! 6 

000F 16 


Area for ASCII 
codes of the 
catalog name 
'M37409M2-' 








■§ 




0FFF 16 


P 




2FFF 1(J 






1000 16 


ROM( 4 K) 




3000 16 


ROM( 4 K) 




1FFF 16 






3FFF 16 















(hexadecimal notation) 



(1 ) Set "FF 16 " in the shaded area. 

(2) Write the ASCII codes that indicates the name of 
the product 'M37409M2— ' to addresses 0000i 6 to 
000F 16 . ASCII codes 'M37409M2 — ' are listed on 
the right. 

The addresses and data are in hexadecimal nota- 
tion. 



Address 








Address 




0000 16 


'M' 




4D 16 


0008! 6 


'-'=2D 16 


0001! 6 


*3' 




3 3 i6 


0009ie 


FF 16 


0002 16 


'7' 




3 7 16 


OOOA16 


FF 16 


0003! 6 


'4' 




3 4 16 


OOOBie 


F F 16 


0004 16 


'0' 




3 0 ie 


OOOCie 


FF 16 


0005! 6 


'9' 




3 9ie 


000Di 6 


F F 16 


0006i6 


'M' 




4Di 6 


000E 16 


F F 16 


0007i 6 


'2' 




3 2 16 


000F 16 


F F 16 
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MITSUBISHI MICROCOMPUTERS 

SERIES ME LPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01 -60A < 86A0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37409M2-XXXSP/FP 
MITSUBISHI ELECTRIC 



Mask ROM number 



Recommend to writing the following pseudo-command to the start address of the assembler source program. 



EPROM type 


2764 


27128 


The pseudo-command 


* = A$E000 
.BYTE A 'M37409M2-' 


* = A$C000 
.BYTE A 'M37409M2-' 



This is an example when the start address of internal ROM is F000 16 . 



%6 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (52P4B for M37409M2-XXXSP ; 50P6N for M37409M2-XXXFP) and attach to 
the mask ROM confirmation form. 



3 . Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH04-13A<11A0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M3741 0M3HXXXFP 
MITSUBISHI ELECTRIC 



Mask ROM number 





Date : 


Q. 


Section head 
signature 


Supervisor 
signature 


CD 






O 
CD 
DC 







Note *. Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


Issuance 
signature 


Submitted by 


Supervisor 






Date 
issued 


Date : 



58 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type 



□ 


27128 


□ 


27256 


□ 


27512 


address 




address 0000 




address 0000 




0000 


Port P0 pull-up 




Port P0 pull-up 




Port P0 pull-up 




0001 


Port P1 pull-up 




0001 


Port P1 pull-up 




0001 


Port P1 pull-up 




0002 


Port P2 pull-up 




0002 


Port P2 pull-up 




0002 


Port P2 pull-up 




0003 


Port P3 pull-up 




0003 


Port P3 pull-up 




0003 


Port P3 pull-up 




0004 


Port P4 pull-up 




0004 


Port P4 pull-up 




0004 


Port P4 pull-up 




0005 


Port P5 pull-up 




0005 


Port P5 pull-up 




0005 


Port P5 pull-up 




0006 


Port P2 key on wake-up 




0006 


Port P2 key on wake-up 




0006 


Port P2 key on wake-up 




0007 


llllllllll 




0007 


llllllllll 




0007 


////////// 




2800 
3FFF 


ROM(6K) 




6800 
7FFF 


ROM(6K) 




E800 
FFFF 


ROM(6K) 











Set "FF 16 " in the shaded area. 



^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (80P6S for M3741 0M3HXXXFP) and attach to the mask ROM confirmation 
form. 



^ 3 . Comments 



5-39 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH04-13A<11A0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M3741 0M3HXXXFP 
MITSUBISHI ELECTRIC 



^ 4 . Option specification (write the option data also at the specified address in the EPROM) 
1 . Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 

P0 7 P0 6 P0 5 P0 4 P0 3 P0 2 Pd P0 0 

address 0000 16 



Mask ROM number 



2. Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 

P1 7 P1 6 P1 5 P1 4 P1 3 P1 2 P1i P1 0 

address 0001 1 6 



3. Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 

P2 7 P2 6 P2 5 P2 4 P2 3 P2 2 P2, P2 0 

address 0002 16 



4 . Port P3 pull-up transistor (if built-in is desired write 1 , if not write 0) 

P3 7 P3 6 P3 5 P3 4 P3 3 P3 2 P3! P3 0 

address 0003 16 



5 . Port P4 pull-up transistor (if built-in is desired write 1 , if not write 0) 



P4 3 P4 2 P4i P4 0 



address 0004 16 



6 . Port P5 pull-up transistor (if built-in is desired write 1 , if not write 0) 

P5 7 P 5 6 P5 5 P5 4 P5 3 P5 2 P5! P5 0 

address 0005 16 



7 . Port P2 key on wake-up (if built-in is desired write 1 , if not write 0) 

KW 7 KW 6 KW 5 KW 4 KW 3 KW 2 K\N, KW 0 

address 0006 16 



._ 4n jr MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH04-14A<11A0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M3741 0M4HXXXFP 
MITSUBISHI ELECTRIC 



Mask ROM number 





Date : 


o 


Section head 
signature 


Supervisor 
signature 


Receij 







Note : Please fill in all items marked^. 





Company 
name 


TEL 




Submitted by 


Supervisor 


Customer 


( ) 


iance 
i ature 








Date 
issued 


Date : 


Issu 
sign 







1 . Confirmation 

Specify the name cff the product being ordered and the type of EPROMs submitted. 

Three sets Qf EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type 



□ 


27128 


□ 


27256 


□ 


27512 


address 




address 




address 




0000 


Port P0 pull-up 




0000 


Port P0 pull-up 




0000 


Port P0 pull-up 




0001 


Port P1 pull-up 




0001 


Port P1 pull-up 




0001 


Port P1 pull-up 




0002 


Port P2 pull-up 




0002 


Port P2 pull-up 




0002 


Port P2 pull-up 




0003 


Port P3 pull-up 




0003 


Port P3 pull-up 




0003 


Port P3 pull-up 




0004 


Port P4 pull-up 




0004 


Port P4 pull-up 




0004 


Port P4 pull-up 




0005 


Port P5 pull-up 




0005 


Port P5 pull-up 




0005 


Port P5 pull-up 




0006 


Port P2 key on wake-up 




0006 


Port P2 key on wake-up 




0006 


Port P2 key on wake-up 




0007 


////////// 




0007 


////////// 




0007 


liiTniiu 




2000 
3FFF 


ROM(8K) 




6000 
7FFF 


ROM(8K) 




E000 
FFFF 


ROM(8K) 















Set "FF 16 " in the shaded area. 



j& 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (80P6S for M3741 0M4HXXXFP) and attach to the mask ROM confirmation 
form. 



5& 3 . Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH04-14A<11A0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M3741 0M4HXXXFP 
MITSUBISHI ELECTRIC 



^ 4 . Option specification (write the option data also at the specified address in the EPROM) 
1 . Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 

P0 7 P0 6 P0 5 P0 4 P0 3 P0 2 PO1 PO o 

address 0000 16 



Mask ROM number 



2. Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 

P1 7 P1 6 P1 5 P1 4 P1 3 P1 2 Pli P1 0 

address 0001 16 



3. Port P2 pull-up transistor (if built-in is desired write 1 , if not write 0) 

P2 7 P2 6 P2 5 P2 4 P2 3 P2 2 P2i P2 0 

address 0002 16 



4 . Port P3 pull-up transistor (if built-in is desired write 1 , if not write 0) 

P3 7 P3 6 P3 5 P3 4 P3 3 P3 2 P3 t P3 0 

address 0003! 6 



5 . Port P4 pull-up transistor (if built-in is desired write 1, if not write 0) 



P4 3 P4 2 P4 1 P4 0 



address 0004 16 



6 . Port P5 pull-up transistor (if built-in is desired write 1, if not write 0) 

P5 7 P5 6 P5 5 P5 4 P5 3 P5 2 P5! P5 0 

address 0005! 6 



7 . Port P2 key on wake-up (if built-in is desired write 1, if not write 0) 

KW 7 KW 6 KW 5 KW 4 KW 3 KW 2 KW, KW 0 

address 0006 16 



._ 42 ♦ MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH04-15A<11A0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37410M6HXXXFP 
MITSUBISHI ELECTRIC 



Mask ROM number 





Date : 




Section head 


Supervisor 




signature 


signature 


eip 






o 






CD 






DC 







Note : Please fill in all items marked^. 





Company 
name 


TEL 


CD CO 


Submitted by 


Supervisor 


Customer 


( ) 


;uanci 
natur' 








Date 
issued 


Date : 


— CO 







^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type 



□ 


27128 


□ 


27256 


□ 


27512 


address 




address 




address 




0000 


Port P0 pull-up 




0000 


Port P0 pull-up 




0000 


Port P0 pull-up 




0001 


Port P1 pull-up 




0001 


Port P1 pull-up 




0001 


Port P1 pull-up 




0002 


Port P2 pull-up 




0002 


Port P2 pull-up 




0002 


Port P2 pull-up 




0003 


Port P3 pull-up 




0003 


Port P3 pull-up 




0003 


Port P3 pull-up 




0004 


Port P4 pull-up 




0004 


Port P4 pull-up 




0004 


Port P4 pull-up 




0005 


Port P5 pull-up 




0005 


Port P5 pull-up 




0005 


Port P5 pull-up 




0006 


Port P2 key on wake-up 




0006 


Port P2 key on wake-up 




0006 


Port P2 key on wake-up 




0007 


////////// 




0007 


////////// 




0007 


////////// 




1000 
3FFF 


ROM(12K) 




5000 
7FFF 


ROM(12K) 




D000 
FFFF 


ROM(12K) 











Set "FF 16 " in the shaded area. 



^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (80P6S for M3741 0M6HXXXFP) and attach to the mask ROM confirmation 
form. 

^ 3 . Comments 



A MITSUBISHI 
ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH04-15A<11A0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M3741 0M6HXXXFP 
MITSUBISHI ELECTRIC 



Mask ROM number 



^ 4 . Option specification (write the option data also at the specified address in the EPROM) > 
1 . Port PO pull-up transistor (if built-in is desired write 1 , if not write 0) 

P0 7 P0 6 P0 5 P0 4 P0 3 P0 2 Pd P0 0 

address 0000 16 



2. Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 

PI7 P1 6 P1 5 PI4 P1 3 P1 2 Pit P1 0 

address 0001 16 



3. Port P2 pull-up transistor (if built-in is desired write 1 , if not write 0) 

P2 7 P2 6 P2 5 P2 4 P2 3 P2 2 P2, P2 0 

address 0002 16 



4 . Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 

P3 7 P3 6 P3 5 P3 4 P3 3 P3 2 P3! P3 0 

address 0003 16 



5 . Port P4 pull-up transistor (if built-in is desired write 1 , if not write 0) 



P4 3 P4 2 P^ P4 0 



address 0004! 6 



6 . Port P5 pull-up transistor (if built-in is desired write 1 , if not write 0) 

P5 7 P5 6 P5 5 P5 4 P5 3 P5 2 P5! P5 0 

address 0005 16 



7 . Port P2 key on wake-up (if built-in is desired write 1, if not write 0) 

KW 7 KW 6 KW 5 KW 4 KW 3 KW 2 KW! KW 0 

address 0006 16 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01-54A< 83B0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37412M4-XXXFP 
MITSUBISHI ELECTRIC 



Mask ROM number 





Date : 




Section head 


Supervisor 


Q. 


signature 


signature 


CD 






O 






CD 






DC 







Note '. Please fill in all items marked^. 





Company 
name 


TEL 


uance 
nature 


Submitted by 


Supervisor 


Customer 


( ) 








Date 
issued 


Date : 


— co 







^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type 



□ 27128 


□ 27256 


□ 27512 


Address 


Address 


Address 


0000, 6 
000F 16 


Area for ASCII 
codes of the name 
of the product 
'M37412M4-' 




0000, 6 
00OF 16 


Area for ASCII 
codes of the name 
of the product 
'M37412M4-' 




0000! 6 

000F 16 


Area for ASCII 
codes of the name 
of the product 
'M37412M4— ' 




001 0 16 


STP option 




001 0 16 


STP option 




0010 16 


STP option 




0011 16 






001 1 16 






001 1 16 






1FFF 16 


/////////// 




5FFF 16 


'////////// 




DFFF 16 


'//////I 




2000 16 


ROM( 8 K) 




6000! 6 


ROM( 8 K) 




E000 16 


ROM( 8 K) 




3FFF 16 






7FFF 16 






FFFF 16 















(1) Set "FF 16 " in the shaded area. 

(2) Write the ASCII codes that indicates the name of 
the product 'M37412M4— ' to addresses 0000 16 to 
000F 16 . ASCII codes 'M37412M4 — ' are listed on 
the right. The addresses and data are in hexade- 
cimal notation. 

Write the option data to address 001 0 16 - 



Address 








Address 




0000! 6 


'M' 




4D 16 


0008! 6 


'-\=2D 16 


0001 is 


'3' 




3 3 16 


0009i 6 


FF 16 


0002 16 


'7' 




3 7 16 


000 A1 6 


FF 16 


0003! 6 


.4. 




3 4 16 


000Bi 6 


FF 16 


0004! 6 


'1 ' 




3 1 16 


OOOCie 


FF 16 


0005! 6 


'2' 




3 2 16 


000Di 6 


FF 16 


OOO616 


'M' 




4D ia 


000Ei 6 


F F 16 


0007! 6 


'4' 




3 4 16 


000Fi 6 


FF 16 



A MITSUBISHI 
ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

SERIES ME LPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01 -54A < 83B0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37412M4-XXXFP 
MITSUBISHI ELECTRIC 



Mask ROM number 



Recommend to writing the following pseudo-command to the start address of the assembler source program. 



EPROM type 


27128 


27256 


27512 


The pseudo-command 


*=A$C000 
.BYTE A 'M37412M4-' 


* = A $8000 
.BYTE A 'M37412M4-' 


*=A$0000 
.BYTEA 'M37412M4-' 



This is an example when the start address of internal ROM is E000i 6 . 



5& 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (72P6 for M37412M4-XXXFP) and attach to the mask ROM confirmation form. 

^ 3 . Comments 



^ 4 . Option specification (write the option data also to the specified address of the EPROM) 



1 . STP instruction option 



□ When STP instruction is valid 01 16 

Address 001 0 16 

□ When STP instruction is invalid | 00i 6 I 



Recommend to writing the following pseudo-command to the assembler source file : 



EPROM type 


27128 


27256 


27512 


1 . STP instruction option 


*=A$C010 
.BYTEA$XX 


*=A$8010 
.BYTEA$XX 


*=A$0010 
.BYTEA$XX 



Note i If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. As for the option, if the contents of the confirmation and 
conflict with those of the EPROM, the contents of the EPROM are preferred. 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH04-35A< 13A0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M3741 3M4HXXXFP 
MITSUBISHI ELECTRIC 



Mask ROM number 





Date * 


Q. 


Section head 
signature 


Supervisor 
signature 


<D 






O 
<D 
OC 







Note : Please fill in all items marked^. 





Company 
name 


TEL 


<D CD 


Submitted by 


Supervisor 


Customer 


( ) 


;uanc 
inatur 








Date 
issued 


Date '■ 


— (0 







1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type 



□ 27128 


□ 27256 


□ 27512 


Address 


Address 


Address 


000016 
OOOFie 


Area for ASCII codes of the 
name of the product 'M37413M4H' 




OOOO16 
000F 16 


Area for ASCII codes of the 
name of the product 'M37413M4H' 




OOOO16 
OOOF16 


Area for ASCII codes of the 
name of the product 'M37413M4H' 




001 016 


Port P0 pull-up 




0010! 6 


Port P0 pull-up 




001 0i 6 


Port P0 pull-up 




001 1 16 


Port P1 pull-up 




001116 


Port P1 pull-up 




001116 


Port P1 pull-up 




0012i6 


Port P2 pull-up 




001 1\ 6 


Port P2 pull-up 




001216 


Port P2 pull-up 




001316 


Port P3 pull-up 




001 Z\ 6 


Port P3 pull-up 




001316 


Port P3 pull-up 




001416 


Port P4 pull-up 




001416 


Port P4 pull-up 




001416 


Port P4 pull-up 




001516 


Port P5 pull-up 




0015 16 


Port P5 pull-up 




001 5! 6 


Port P5 pull-up 




001 616 


Port P2 key on wake up 




001 61 6 


Port P2 key on wake up 




001 61 6 


Port P2 key on wake up 




001716 


Port P6 pull-up 




001 7i 6 


Port P6 pull-up 




001716 


Port P6 pull-up 




OOI816 


Port P7 pull-up 




001 816 


Port P7 pull-up 




001 81 6 


Port P7 pull-up 




001916 
001 A1 6 
1FFF 16 


Port P7 key on wake up 




001916 


Port P7 key on wake up 




001916 


Port P7 key on wake up 




lllllllllllllll 




001 A1 6 
5FFF 16 


////////////// 




001 A1 6 

DFFF16 
EOOO16 

FFFF 16 


llllllllllllll 




200016 
3FFF16 


ROM( 8 K) 




6OOO16 
7FFFi 6 


ROM( 8 K) 




ROM( 8 K) 

















(1) Set "FF 16 " in the shaded area. 

(2) Write the ASCII codes that indicates the name of the product 'M37413M4H' to addresses 0000 16 to 
000F 16 . 

Write the option data to addresses 001 0i 6 to 001 9 16 . 



A 



MrrsuBiSHi 

ELECTRIC 



5-47 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH04-35A< 13A0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M3741 3M4HXXXFP 
MITSUBISHI ELECTRIC 



Mask ROM number 



X 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (80P6S for M3741 3M4HXXXFP) and attach to the mask ROM confirmation 
form. 

^ 3 . Comments 

^ 4 . Option specification (write the option data also at the specified address in the EPROM.) 
1 . Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 

P0 7 P0 6 P0 5 P0 4 P0 3 P0 2 Pd P0 0 

address 001 0 16 



2 . Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 

P1 7 P1 6 P1 5 P1 4 P1 3 P1 2 Pli P1 0 

address 001 1 16 



3 . Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 

P2 7 P2 6 P2 5 P2 4 P2 3 P2 2 P2, P2 0 

address 001 2 16 



4 . Port P3 pull-up transistor (if built-in is desired write 1 , if not write 0) 

P3 7 P3 6 P3 5 P3 4 P3 3 P3 2 P3 1 P3 0 

address 001 3 16 



5 . Port P4 pull-up transistor (if built-in is desired write 1, if not write 0) 

P4 7 P4 6 P4 5 P4 4 P4 3 P4 2 P4, P4 0 

address 001 4 16 



6 . Port P5 pull-up transistor (if built-in is desired write 1, if not write 0) 

P5 7 P5 6 P5 5 P5 4 P5 3 P5 2 P5 1 P5 0 

address 001 5 16 
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MITSUBISHI MICROCOMPUTERS 

SERIES ME LPS 740 MASK ROM ORDERING METHOD 



GZZ-SH04-35A< 13A0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M3741 3M4HXXXFP 
MITSUBISHI ELECTRIC 



Mask ROM number 



7 . Port P2 key on wake up (if built-in is desired write 1, if not write 0) 





KW 7 


KW 6 


KW 5 


KW 4 


KW 3 


KW 2 




KW 0 


address 001 6 16 
















8 . Port P6 pull-up transistor (if built-in is desired write 1, if not write 0) 

P6 7 P6 6 P6 5 P6 4 P6 3 


P6 2 


P61 


P6 0 


address 001 7 16 


















9 . Port P7 pull-up transistor (if built-in is desired write 1, if not write 0) 

P7 7 P7 6 P7 5 P7 4 P7 3 


P7 2 


P7i 


P7 0 


address 001 8 16 


















10. Port P7 key on wake up (if built-in is desired write 1, if not write 0) 

KU 7 KU 6 KU 5 KU 4 KU 3 


KU 2 




KU 0 


address 001 9 16 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH04-35A< 1 3A0 > 



Mask ROM number 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M3741 3M4HXXXFP 
MITSUBISHI ELECTRIC 

Writing the name of the product and option data onto EPROMs. 

Addresses 0000 16 to 000F 16 store the name of the product and addresses 001 0 16 to 001 9 16 store the option data. 
Write the following ASCII codes that indicates 'M37413M4H' to addresses 0000 16 to 000F 16 . 
Write data according to the option data sheet to addresses 001 0 16 to 001 9 16 . 

If the name of the product contained in the EPROMs does not match the name on the mask ROM confirmation form, 
the ROM processing is disabled. Write the data correctly. 

As for the option, if the contents of the confirmation and conflict with those of the EPROMs, the contents of the 
EPROMs are preferred. 



Inputting the name of the product with the ASCII code. 
ASCII codes 'M37413M4H' are listed on the right. 
The addresses and data are in hexadecimal notation. 



Adress 




Address 




0000! 6 


'M' = 4 D 16 


0008! 6 


'H' =4 8 16 


0001 16 


'3'=3 3i 6 


0009! 6 


FF 16 


0002! 6 


'7'=3 7 1B 


000Ai 6 


FF 16 


0003! 6 


'4'=3 4i B 


000B 16 


FF 16 


0004! 6 


■r = 3 U 


000C 16 


FF 16 


0005i 6 


'3' =3 3 16 


000D 16 


FF 16 


0006i 6 


'M' = 4 Di 6 


000E 16 


FF 16 


0007i 6 


'4'=3 4 16 


000F 16 


F F 16 



Recommend to writing the following pseudo-command to the start address of the assembler source program. 



EPROM type 


27128 


27256 


27512 


The pseudo-command 


*=$C000 
.BYTEA 'M37413M4H' 


*=$8000 
.BYTE A 'M37413M4H' 


*=$0000 
.BYTEA 'M37413M4H' 


This is an example when the start address of internal ROM is F000 16 . 




2 . Inputting the option data onto the EPROMs. 

Write the following pseudo-command to the assembler source file : 




EPROM type 


27128 


27256 


27512 




*=$C010 


*=$8010 


*=$0010 


P0 pull-up 


.BYTEA$XX 


.BYTEA$XX 


.BYTEA$XX 


P1 pull-up 


.BYTEA$XX 


.BYTEA$XX 


.BYTEA$XX 


P2 pull-up 


.BYTEA$XX 


.BYTEA$XX 


.BYTEA$XX 


P3 pull-up 


.BYTEA$XX 


.BYTEA$XX 


.BYTEA$XX 


P4 pull-up 


.BYTEA$XX 


.BYTEA$XX 


.BYTEA$XX 


P5 pull-up 


.BYTEA$XX 


.BYTEA$XX 


. BYTEA $XX 


P2 key on wake up 


.BYTEA$XX 


.BYTEA$XX 


.BYTEA$XX 


P6 pull-up 


.BYTEA$XX 


.BYTEA$XX 


.BYTEA$XX 


P7 pull-up 


.BYTEA$XX 


.BYTEA$XX 


.BYTEA$XX 


P7 key on wake up 


.BYTEA$XX 


.BYTEA$XX 


.BYTEA$XX 
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MITSUBISHI MICROCOMPUTERS 

SERIES MEL PS 740 MASK ROM ORDERING METHOD 



GZZ-SH04-36A< 13A0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M3741 3M6HXXXFP 
MITSUBISHI ELECTRIC 



Mask ROM number 





Date : 




Section head 
signature 


Supervisor 
signature 


*<D 






O 
<D 
CC 







Note : Please fill in all items marked^. 





Company 
name 


TEL 


nee 
ture 


Submitted by 


Supervisor 




( ) 






Customer 






co co 

3 r- 








Date 
issued 


Date : 


Issi 
sigi 







1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type 



□ 27128 


□ 27256 


□ 27512 


Address 


Address 


Address 


000016 
O0OF16 


Area for ASCII codes of the 
name of the product 'M37413M6H' 




OOOO16 
OOOF16 


Area for ASCII codes of the 
name of the product 'M37413M6H' 




OOOO16 
OOOF16 


Area for ASCII codes of the 
name of the product 'M37413M6H' 




001 01 6 


Port P0 pull-up 




001016 


Port P0 pull-up 




0010! 6 


Port P0 pull-up 




001116 


Port P1 pull-up 




001116 


Port P1 pull-up 




001 1 16 


Port P1 pull-up 




001216 


Port P2 pull-up 




00t2 16 


Port P2 pull-up 




001216 


Port P2 pull-up 




001316 


Port P3 pull-up 




0013^ 


Port P3 pull-up 




001316 


Port P3 pull-up 




001 4i 6 


Port P4 pull-up 




001416 


Port P4 pull-up 




001416 


Port P4 pull-up 




001516 


Port P5 pull-up 




001516 


Port P5 pull-up 




001516 


Port P5 pull-up 




001 61 6 


Port P2 key on wake up 




001616 


Port P2 key on wake up 




001616 


Port P2 key on wake up 




001716 


Port P6 pull-up 




001716 


Port P6 pull-up 




001716 


Port P6 pull-up 




001 81 6 


Port P7 pull-up 




001816 


Port P7 pull-up 




001816 


Port P7 pull-up 




001916 


Port P7 key on wake up 




001916 


Port P7 key on wake up 




001916 


Port P7 key on wake up 




001 A1 6 


'//////////, 




001 A1 6 






001 A1 6 






OFFF16 






4FFF16 


V////////A 




CFFF16 






100016 
3FFF16 


R0M(12K) 




500016 
7FFFi 6 


ROM(12K) 




DOOO16 
FFFF16 


ROM(12K) 















(1) Set "FF 16 " in the shaded area. 

(2) Write the ASCII codes that indicates the name of the product 'M37413M6H' to addresses 0000 16 to 
000F 16 . 

Write the option data to addresses 001 0 16 to 001 9 16 . 
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MITSUBISHI MICROCOMPUTERS 

SERIES ME LPS 740 MASK ROM ORDERING METHOD 



GZZ-SH04-36A< 13A0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M3741 3M6HXXXFP 
MITSUBISHI ELECTRIC 



Mask ROM number 



2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (80P6S for M37413M6HXXXFP) and attach to the mask ROM confirmation 
form. 

^ 3 . Comments 

4 . Option specification (write the option data also at the specified address in the EPROM.) 
1 . Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 

P0 7 P0 6 P0 5 P0 4 P0 3 P0 2 PO, P0 0 

address 001 0 16 



2 . Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 

P1 7 P1 6 P1 5 P1 4 P1 3 P1 2 P1i P1 0 

address 001 1 1 6 



3 . Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 

P2 7 P2 6 P2 5 P2 4 P2 3 P2 2 P2 1 P2 0 

address 001 2 16 



4 . Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 

P3 7 P3 6 P3 5 P3 4 P3 3 P3 2 P3, P3 0 

address 001 3 16 



5 . Port P4 pull-up transistor (if built-in is desired write 1, if not write 0) 

P4 7 P4 6 P4 5 P4 4 P4 3 P4 2 P4, P4 0 

address 001 4 16 



6 . Port P5 pull-up transistor (if built-in is desired write 1, if not write 0) 

P5 7 P5 6 P5 5 P5 4 P5 3 P5 2 P5, P5 0 

address 001 5 16 
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MITSUBISHI MICROCOMPUTERS 

SERIES ME LPS 740 MASK ROM ORDERING METHOD 



GZZ-SH04-36A<13A0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M3741 3M6HXXXFP 
MITSUBISHI ELECTRIC 



Mask ROM number 



7 . Port P2 key on wake up (if built-in is desired write 1, if not write 0) 

KW 7 KW 6 KW 5 KW 4 KW 3 KW 2 K\N, KW 0 

address 001 6 16 



8 . Port P6 pull-up transistor (if built-in is desired write 1, if not write 0) 

P6 7 P6 6 P6 5 P6 4 P6 3 P6 2 P6 1 P6 0 

address 001 7 16 



9 . Port P7 pull-up transistor (if built-in is desired write 1 , if not write 0) 

P7 7 P7 6 P7 5 P7 4 P7 3 P7 2 P7, P7 0 

address 001 8 16 



10. Port P7 key on wake up (if built-in is desired write 1, if not write 0) 

KU 7 KU 6 KU 5 KU 4 KU 3 KU 2 KU 1 KU 0 

address 001 9 16 



5-53 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH04-36A < 1 3A0 > 

Mask ROM number 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M3741 3M6HXXXFP 
MITSUBISHI ELECTRIC 

Writing the name of the product and option data onto EPROMs. 

Addresses 0000 16 to 000F 16 store the name of the product and addresses 001 0 16 to 001 9 16 store the option data. 
Write the following ASCII codes that indicates 'M37413M6H' to addresses 0000 16 to 000F 16 . 
Write data according to the option data sheet to addresses 001 0 16 to 001 9 16 . 

If the name of the product contained in the EPROMs does not match the name on the mask ROM confirmation form, 
the ROM processing is disabled. Write the data correctly. 

As for the option, if the contents of the confirmation and conflict with those of the EPROMs, the contents of the 
EPROMs are preferred. 



1 . Inputting the name of the product with the ASCII code. 
ASCII codes 'M37413M6H' are listed on the right. 
The addresses and data are in hexadecimal notation. 



Adress 




Address 




0000 16 


'M' = 4 D 16 


0008! 6 


'H' = 4 8 16 


0001 is 


'3'=3 3 16 


0009! 6 


F F 16 


0002 16 


'7' = 37 16 


000 A! 6 


FF 16 


0003! 6 


'4' = 34 16 


000B 16 


FF 16 


0004! 6 


'1'=3 1 16 


000C 16 


FFie 


0005 16 


'3' =3 3 16 


000D 16 


F F 16 


OOO616 


'M' = 4D 16 


000E 16 


F F 16 


0007 16 


'6' = 3 6 16 


000F 16 


F F 16 



Recommend to writing the following pseudo-command to the start address of the assembler source program. 



EPROM type 


27128 


27256 


27512 


The pseudo-command 


*=$C000 
.BYTE A 'M37413M6H' 


*=$8000 
.BYTEA 'M37413M6H' 


*=$0000 
.BYTEA 'M37413M6H' 



This is an example when the start address of internal ROM is F000i 6 - 



2 . Inputting the option data onto the EPROMs. 

Write the following pseudo-command to the assembler source file : 



EPROM type 


27128 


27256 


27512 




*=$C010 


*=$8010 


*=$0010 


P0 pull-up 


.BYTEA$XX 


.BYTEA$XX 


. BYTEA $XX 


P1 pull-up 


.BYTEA$XX 


.BYTEA$XX 


.BYTEA$XX 


P2 pull-up 


.BYTEA$XX 


,BYTEA$XX 


.BYTEA$XX 


P3 pull-up 


.BYTEA$XX 


.BYTEA$XX 


.BYTEA$XX 


P4 pull-up 


.BYTEA$XX 


.BYTEA$XX 


.BYTEA$XX 


P5 pull-up 


.BYTEA$XX 


.BYTEA$XX 


.BYTEA$XX 


P2 key on wake up 


.BYTEA$XX 


. BYTEA $XX 


.BYTEA$XX 


P6 pull-up 


.BYTEA$XX 


.BYTEA$XX 


.BYTEA$XX 


P7 pull-up 


.BYTEA$XX 


.BYTEA$XX 


.BYTEA$XX 


P7 key on wake up 


.BYTEA$XX 


.BYTEA$XX 


.BYTEA$XX 
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MITSUBISHI MICROCOMPUTERS 

SERIES MEL PS 740 MASK ROM ORDERING METHOD 



GZZ-SH02-1 1 A < 96A0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37414M5-XXXFP 
MITSUBISHI ELECTRIC 



Mask ROM number 





Date 




Section head 


Supervisor 


Q. 


signature 


signature 


CD 
O 
CD 






cc 







Note Please fill in all items marked^. 





Company 
name 


TEL 


nee 
ture 


Submitted by 


Supervisor 




( ) 






Customer 






co co 
^ c 








Date 
issued 


Date : 


3? 







%k 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type 



(1 ) Set "FF 16 " in the shaded area. 

(2) Write the ASCII codes that indicates the name of 
the product 'M37414M5— ' to addresses 0000 16 to 
000F 16 . ASCII codes 'M37414M5-' are listed on 
the right. The addresses and data are in hexade- 
cimal notation. 

Write the option data to address 001 0i 6 . 



□ 27128 


□ 27256 


□ 27512 


Address 




Address 




Address 




0000 16 
000F 16 


Area for ASCII 
codes of the name 
of the product 
'M37414M5-' 




0000 16 
000F 16 


Area for ASCII 
codes of the name 
of the product 
'M37414M5-' 




0000! 6 

000F 16 


Area for ASCII 
codes of the name 
of the product 
'M37414M5-' 




001 0 16 


STP option 




001 0 16 


STP option 




001 0 16 


STP option 




001 1 16 


////////// 




001 1 16 


////////// 




001 1 16 


1//////I 




1800 16 


RQMOOK) 




5800! 6 


ROM(10K) 




D800 16 


ROM(IOK) 




3FFF 16 






7FFF 16 






FFFF 16 



















Address 








Address 




OOOOie 


*M' 




4D 16 


0008! 6 


'-'=2D 16 


0001! 6 


'3' 




3 3 16 


0009i 6 


F F 16 


0002! 6 


'7' 




3 7 16 


000Ai 6 


F F 16 


0003! 6 


'4' 




3 4 16 


000B 16 


FF 16 


0004 16 


•1 ' 




3 1 16 


OOOCie 


F F 16 


0005 16 


•4' 




3 4 16 


000D 16 


F F 16 


0006 16 


'M' 




4D 16 


000E 16 


FF 16 


0007 16 


'5' 




3 5 16 


000F 16 


F F 16 



AMnSUBISf 
ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH02-11A<96A0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37414M5-XXXFP 
MITSUBISHI ELECTRIC 



Mask ROM number 



Recommend to writing the following pseudo-command to the start address of the assembler source program. 



EPROM type 


27128 


27256 


27512 


The pseudo-command 


* = A$C000 
.BYTE A 'M37414M5-' 


* = A$8000 
.BYTE A 'M37414M5-' 


* = A $0000 
.BYTEA 'M37414M5-' 



This is an example when the start address of internal ROM is D800 16 . 
% 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (72P6 for M37414M5-XXXFP) and attach to the mask ROM confirmation form. 



^ 3 . Comments 



^ 4 . Option specification (write the option data also to the specified address of the EPROM) 



1 . STP instruction option 

□ When STP instruction is valid 

□ When STP instruction is invalid 



Recommend to writing the following pseudo-command to the assembler source file : 



EPROM type 


27128 


27256 


27512 


1 . STP instruction option 


*=A$C010 
.BYTEA$XX 


*=A$8010 
.BYTEA$XX 


*=A$0010 
.BYTEA$XX 



Note '. If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. As for the option, if the contents of the confirmation and 
conflict with those of the EPROM, the contents of the EPROM are preferred. 



01i6 

==n Address 001 0 16 

00l6 I 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01 -86A < 91 AO > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M3741 5M4-XXXFP 
MITSUBISHI ELECTRIC 



Mask ROM number 





Date : 




Section head 


Supervisor 


Q. 


signature 


signature 


CD 






O 
CD 






DC 







Note ' Please fill in all items marked-^. 





Company 
name 


TEL 


uance 
nature 


Submitted by 


Supervisor 


Customer 


( ) 








Date 
issued 


Date : 


Bis 

SS| 







•>K 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type 



□ 


27128 


□ 


27256 


□ 


27512 


Address 




Address 




Address 




0000 


Port PCTpull-up 




0000 


Port P0 pull-up 




0000 


Port P0 pull-up 




0001 


Port P1 pull-up 




0001 


Port P1 pull-up 1 




0001 


Port P1 pull-up 




0002 


Poll P5 pull-up 




0002 


Port P2 pull-up 




0002 


Port P2 pull-up 




0003 


Port P3 pull-up 




0003 


Port P3 pull-up 




0003 


Port P3 pull-up 




0004 


P35 output type 




0004 


P35 output type 




0004 


P35 output type 




0005 


CNTR pull-Hp 




0005 


CNTR pull-up 




0005 


CNTR pull-up 




0006 


////////// 




0006 


minim 




0006 


IIIIJIllll 




2000 
3FFF 


ROM(8K 




6000 
7FFF 


ROM(8K) 




E000 
FFFF 


ROM(8K) 















Set "FF 16 " in the shaded area. 
j& 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (80P6S for M37415M4-XXXFP) and attach to the mask ROM confirmation 
form. 



^ 3 . Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES MEL PS 740 MASK ROM ORDERING METHOD 



GZZ-SH01 -86A< 91 AO > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37415M4-XXXFP 
MITSUBISHI ELECTRIC 



Mask ROM number 



^ 4 . Option specification (write the option data also at the specified address in the EPROM) 
1 . Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 

P0 7 P0 6 P0 5 P0 4 P0 3 P0 2 PO-i P0 0 

address 0000 16 



2. Port P1 pull-up transistor (if built-in is desired write 1 , if not write 0) 

P1 7 P1 e Pis P14 P1 3 P1 2 P1i P1o 

address 0001 16 



3. Port P2 pull-up transistor (if built-in is desired write 1 , if not write 0) 

P2 7 P2 6 P2 5 P2 4 P2 3 P2 2 P2i P2 0 

address 0002 16 



4 . Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 





P3 7 


P3 6 


P3 5 


P3 4 


P3 3 


P3 2 


P3i 


P3 0 


address 0003 16 


















5 . Port P3 5 output type (if Nch open drain is desired write 1, if CMOS write 0) 




P3 5 


^ address 0004! 6 


0 


0 


0 


0 


0 


0 


0 




6 . CNTR pin pull-up transistor (if built-in is desired write 1, if not write 0) 






CNTR 


address 0005 16 


0 


0 


0 


0 


0 


0 


0 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01 -83A< 8ZA0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M3741 6M2-XXXSP/FP 
MITSUBISHI ELECTRIC 



Mask ROM number 



Receipt 


Date '■ 


Section head 
signature 


Supervisor 
signature 







Note Please fill in all items marked^. 





Company 
name 


TEL 




Submitted by 


Supervisor 


Customer 


( ) 


jance 








Date 
issued 


Date : 


— CO 







5& 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 



Microcomputer name 



□ M37416M2-XXXSP □ M37416M2-XXXFP 



Checksum code for entire EPROM 



EPROM type 



□ 2764 



Address 
0000 16 



000F 16 
1000 16 
1FFF 16 



Area for ASCII 
codes of the name 
of the product 
'M37416M2-' 



7777777777 



ROM(4K) 



(hexadecimal notation) 



□ 27128 



Address 
0000 16 



000F 1( 
3000 1( 
3FFF 1( 



Area for ASCII 
codes of the name 
of the product 
'M37416M2-* 



////////// 



ROM(4K) 



□ 27256 



Address 

0000! 6 

000F 16 
7000 16 
7FFF 16 



Area for ASCII 
codes of the name 
otthe product 
'M37416M2-' 



7777777777 



ROM( 4 K) 



(1) Set "FF 16 " in the shaded area. 

(2) Write the ASCII codes that indicates the name of 
the product 'M37416M2— ' to addresses 0000 16 to 
000F 16 . ASCII codes 'M37416M2 — ' are listed on 
the right. The addresses and data are in hexade- 
cimal notation. 



Address 








Address 




0000i6 


'M' 




4D 16 


OOO816 


'-' = 2D 16 


0001 16 


'3' 




3 3 16 


0009 16 


FF 16 


0002 16 


'7' 




3 7 16 


000A 16 


FF 16 


0003! 6 


'4' 




3 4 16 


000B 16 


FF 16 


0004! 6 


'1 ' 




3 1 


OOOCie 


FF 16 


0005 16 


'6' 




3 6 16 


000D 16 


FF 16 


0006! 6 


'M' 




4D 16 


000E 16 


FF 16 


0007! 6 


'2' 




3 2 16 


000F 16 


FF 16 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01 -83A< 8ZA0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M3741 6M2-XXXSP/FP 
MITSUBISHI ELECTRIC 



Mask ROM number 



Recommend to writing the following pseudo-command to the start address of the assembler source program. 



EPROM type 


2764 


27128 


The pseudo-command 


* = A$E000 
.BYTEA 'M37416M2-' 


* = A$C000 
.BYTEA 'M37416M2-' 



This is an example when the start address of internal ROM is F000 16 . 



2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (52P4B for M37416M2-XXXSP ; 56P6N for M37416M2-XXXFP) and attach to 
the mask ROM confirmation form. 



^ 3 . Comments 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES ME LPS 740 MASK ROM ORDERING METHOD 



GZZ-SH02-1 7A< 96A0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37420M4-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 





Date : 




Section head 


Supervisor 


Q. 


signature 


signature 


CD 






O 






CD 






DC 







Note ' Please fill in all items marked^. 





Company 
name 


TEL 




Submitted by 


Supervisor 


Customer 


( ) 


jance 
iatur€ 








Date 
issued 


Date : 


Issi 
sigr 







•>K 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type 



□ 27128 


□ 27256 


□ 27512 


Address 




Address 




Address 




0000i 6 
000 F 1 6 


Area for ASCII 
codes of the name 
of the product 
'M37420M4-' 




0000, 6 
000F 16 


Area for ASCII 
codes of the name 
of the product 
'M37420M4-' 




0000, 6 
000F 16 


Area for ASCII 
codes of the name 
of the product 
'M37420M4-' 




001 0 16 


STP option 




001 0 16 


STP option 




0010, 6 


STP option 




001 1 16 


WDOG option 




0011 ie 


WDOG option 




0011,6 


WDOG option 






Wlll/ll/l 






'////////// 






'////////// 




2000 16 






6000 16 






E000, 6 






3FFF 16 


ROM( 8 K) 




7FFF 16 


ROM( 8 K) 




FFFF 16 


ROM(8K) 

















(1) Set "FF 16 " in the shaded area. 

(2) Write the ASCII codes that indicates the name of 
the product 'M37420M4— ' to addresses 0000i 6 to 
000F 16 . ASCII codes 'M37420M4-' are listed on 
the right. The addresses and data are in hexade- 
cimal notation. 

Write the option data to addresses 001 0i 6 and 
001 1 16 . 



Address 








Address 




0000 16 


'M' 




4D 16 


0008! 6 


'-' = 2D 16 


0001 16 


'3' 




3 3 16 


0009 16 


F F 16 


0002! 6 


'7' 




3 7 16 


000 Ai 6 


FF 16 


000^ 6 


'4' 




3 4 16 


OOOBie 


FF 16 


0004 16 


'2' 




3 2 16 


OOOCie 


F F 16 


0005! 6 


'0' 




3 0i 6 


000D 16 


FF 16 


0006! 6 


'M' 




4D 16 


000E 16 


F F 16 


0007ie 


'4' 




3 4 16 


000Fi 6 


FF 16 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH02-1 7A< 96A0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37420M4-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 



Recommend to writing the following pseudo-command to the start address of the assembler source program. 



EPROM type 


27128 


27256 


27512 


The pseudo-command 


*=A$C000 
.BYTEA 'M37420M4-' 


*=A$8000 
.BYTEA 'M37420M4-' 


* = A$0000 
.BYTE A 'M37420M4-' 



This is an example when the start address of internal ROM is E000 16 . 



^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (52P4B for M37420M4-XXXSP) and attach to the mask ROM confirmation 
form. 

^ 3 . Comments 



^ 4 . Option specification (write the option data also to the specified address of the EPROM) 
1 . 

□ STP instruction is valid F oT^ I 

b==d Address 001 0 16 

□ STP instruction is invalid [ 00 16 I 

2. 

r— i Reset by the watchdog i ^ i 

u timer is valid I — ^ — I 

Address 001 1 16 

r- 1 Reset by the watchdog i ^ i 

^ timer is invalid I — ^ — ' 



Recommend to writing the following pseudo-command to the assembler source file : 



EPROM type 


27128 


27256 


27512 


STP instruction option 
W.D.T option 


*=A$C010 
.BYTEA$XX 
.BYTEA$XX 


*=A$8010 
.BYTEA$XX 
.BYTEA$XX 


* = A $00 10 
.BYTEA$XX 
.BYTEA$XX 



Note If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. As for the option, if the contents of the confirmation and 
conflict with those of the EPROM, the contents of the EPROM are preferred. 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01-96A< 92A0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37420M6-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 



CC 



Date : 


Section head 
signature 


Supervisor 
signature 







Note r Please fill in all items marked SK. 





Company 
name 


TEL 




Submitted by 


Supervisor 


Customer 


( ) 


lance 
ature 








Date 
issued 


Date : 


ISSL 

sign 







5& 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type 



(1) Set "FF 16 " in the shaded area. 

(2) Write the ASCII codes that indicates the name of 
the product 'M37420M6— ' to addresses 0000 16 to 
000F 16 . ASCII codes 'M37420M6 — ' are listed on 
the right. The addresses and data are in hexade- 
cimal notation. 

Write the option data to addresses 001 0 16 and 
001 1 16 . 



□ 27128 


□ 27256 


□ 27512 


Address 




Address 




Address 




0000 16 
O00F 16 


Area for ASCII 
codes of the name 
of the product 
'M37420M6-' 




0000, 6 
000F 16 


Area for ASCII 
codes of the name 
of the product 
'M37420M6-' 




0000 16 
000F 16 


Area for ASCII 
codes of the name 
of the product 
'M37420M6-' 




001 0 16 


STP option 




001 0 16 


STP option 




001 0 16 


STP option 




001 1 16 


WDOG option 




001 1 16 


WDOG option 




001 1 16 


WDOG option 




1000 16 


'llllllllll 






'llllllllll 




D000 16 


'llllllllll 








5000 16 










3FFF 16 


ROM(12K) 




7FFF 16 


ROM(12K) 




FFFF 16 


ROM(12K) 















Address 








Address 




0000i 6 


'M' 




4D 16 


0008! 6 


'-' = 2D 16 


0001 16 


'3' 




3 3 16 


0009 16 


FF 16 


0002 16 


'7' 




3 7 16 


000A 16 


F F 16 


0003! 6 


'4' 




3 4 16 


000B 16 


F F 16 


0004 16 


'2' 




3 2 16 


000C 16 


FF 16 


0005 16 


'0' 




3 0 16 


000D 16 


FF 16 


0006! 6 


'M' 




4D 16 


000E 16 


FF 16 


0007 16 


'6' 




3 6 16 


000F 16 


FF 16 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01 -96A < 92A0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37420M6-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 



Recommend to writing the following pseudo-command to the start address of the assembler source program. 



EPROM type 


27128 


27256 


27512 


The pseudo-command 


* = A$C000 
.BYTE A 'M37420M6-' 


* = A $8000 
.BYTE A 'M37420M6-' 


* = A $0000 
.BYTEA 'M37420M6-' 



This is an example when the start address of internal ROM is D000 16 . 
^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (52P4B for M37420M6-XXXSP) and attach to the mask ROM confirmation 
form. 

^ 3 . Comments 



^ 4 . Option specification (write the option data also to the specified address of the EPROM) 
1 . 



□ STP instruction is valid 

□ STP instruction is invalid 



01ie 



00l6 



Address 001 0 16 



i— i Reset by the watchdog i 

u timer is valid I — ^ 



[— I Reset by the watchdog | j^r~ 

LJ timer is invalid 1 — 



Address 001 1 16 



Recommend to writing the following pseudo-command to the assembler source file : 



EPROM type 


27128 


27256 


27512 


STP instruction option 
W.D.T option 


*=A$C010 
.BYTEA$XX 
. BYTEA $XX 


*=A$8010 
.BYTEA$XX 
.BYTEA$XX 


*=A$0010 
.BYTEA$XX 
.BYTEA$XX 



Note If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. As for the option, if the contents of the confirmation and 
conflict with those of the EPROM, the contents of the EPROM are preferred. 
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MITSUBISHI 
k ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES ME LPS 740 MASK ROM ORDERING METHOD 



GZZ-SH03-33A< 01 AO > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37424M8-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 





Date : 




Section head 


Supervisor 




signature 


signature 


Q. 

a> 






o 






<D 






DC 







Note : Please fill in all items marked^. 





Company 
name 


TEL 




Submitted by 


Supervisor 


Customer 


( ) 


iance 








Date 
issued 


Date : 


Issi 
sigr 







^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type 



□ 27256 


□ 27512 












Area for ASCII 
codes of the name 
of the product 
M37424M8-' 


0000, 6 
000F 16 




Area for ASCII 
codes of the name 
of the product 
'M37424M8-' 


0000, 6 
000F 16 














4000! 6 






C000 16 




ROM(16K) 






ROM(16K) 








7FFF 16 






FFFF 16 









(1 ) Set "FF 16 " in the shaded area. 

(2) Write the ASCII codes that indicates the name of 
the product 'M37424M8— ' to addresses 0000 16 to 
000F 16 . ASCII codes 'M37424M8-' are listejd on 
the right. The addresses and data are in hexade- 
cimal notation. 



Address 








Address 




0000 16 


'M' 




4 D 16 


OOO816 


'-*=2D 16 


0001 16 


'3' 




3 3 16 


0009 16 


FF 16 


0002 16 


'7' 




3 7 10 


000A 16 


FF 16 


0003i 6 


'4' 




3 4i e 


000B 16 


FF 16 


0004! 6 


'2' 




3 2 16 


000C 16 


FF 16 


0005! 6 


« 4 > 




3 4 16 


000D 16 


F F 16 


0006 16 


'M' 




4D 16 


000E 16 


F F 16 


0007 16 


'8' 




3 8 19 


000F 16 


F F 16 



MITSUBISHI 
1 ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

SERIES ME LPS 740 MASK ROM ORDERING METHOD 



GZZ-SH03-33A<01A0> 

Mask ROM number 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37424M8-XXXSP 
MITSUBISHI ELECTRIC 



Recommend to writing the following pseudo-command to the start address of the assembler source program. 



EPROM type 


27256 


27512 


The pseudo-command 


*=A$8000 
.BYTEA 'M37424M8-' 


*=A$0000 
.BYTE A 'M37424M8-' 



This is an example when the start address of internal ROM is C000i 6 . 



X 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37424M8-XXXSP) and attach to the mask ROM confirmation 
form. 



^ 3 . Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH03-53A< 04A0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37524M4-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 



CD 
DC 



Date ; 


Section head 
signature 


Supervisor 
signature 







Note Please fill in all items marked^. 





Company 
name 


TEL 




Submitted by 


Supervisor 


Customer 


( ) 


lance 








Date 
issued 


Date : 


Issu 
sign 







% 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type 



□ 27256 



□ 27512 



Area for ASCII 
codes of the name 
of the product 
'M37524M4-' 




0000 ie 



000F ie 



4000! t 



Area for ASCII 
codes of the name 
of the product 
'M37524M4-' 




0000 ie 



000F 16 



C000 ie 



FFFF 16 



(1 ) Set "FF 16 " in the shaded area. 

(2) Write the ASCII codes that indicates the name of 
the product 'M37524M4— ' to addresses 0000 16 to 
000F 16 . ASCII codes 'M37524M4 — ' are listed on 
the right. The addresses and data are in hexade- 
cimal notation. 



Address 








Address 




0000 16 


'M' 




4D 16 


0008! 6 


'-' = 2D 16 


0001! 6 


'3' 




3 3i 6 


0009! 6 


F F 16 


000^ 6 


'7' 




3 7 ie 


000 A1 6 


FF 16 


0003! 6 


'5' 




3 5i 6 


000Bi 6 


FF 16 


0004! 6 


'2' 




3 2 16 


000C 16 


F F 16 


0005i 6 


'4' 




3 4 ie 


OOODie 


FF 16 


0006i6 


■M' 




4D ia 


000Ei 6 


FF 16 


0007i 6 


'4' 




3 4 ie 


000Fi 6 


F F 18 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH03-53A< 04A0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37524M4-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 



Recommend to writing the following pseudo-command to the start address of the assembler source program. 



EPROM type 


27256 


27512 


The pseudo-command 


*=A$8000 
.BYTEA 'M37524M4-' 


* = A$0000 
.BYTEA 'M37524M4-' 



This is an example when the start address of internal ROM is C000 16 . 



^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37524M4-XXXSP) and attach to the mask ROM confirmation 
form. 



^ 3 . Comments 



AMITSUBISt 
ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



MARK SPECIFICATION FORM 

The mark specification form varies depending on the pack- 
age type. Fill out the mark specification form for the pack- 
age being ordered, and submit the form with the mask 
ROM confirmation form. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



32P4B (32-PIN SHRINK DIP) MARK SPECIFICATION FORM 



Mitsubishi IC catalog name 



Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

A. Standard Mitsubishi Mark 

® r\r\r\r\r\r\r\r\r\r\r\r\r\r\r\ 



Mitsubishi lot 
number (6-digit) 



-Mitsubishi IC catalog name 



©uuuuuuuuuuuuuuuu® 



B. Customer's Parts Number + Mitsubishi Catalog Name 

® nnnnnnnnnnnnnnnn 



































A 




Mitsubishi lot 
number (6-digit) 



i — Customer's parts number 
! Note : The fonts and size of characters 
- are standard Mitsubishi type. 

Mitsubishi IC catalog name 



©uuuuuuuuuuuuuuuu® 

Notel : The mark field should be written right aligned. 

2 : The fonts and size of characters are standard Mitsubishi type. 
3 : Customer's parts number can be up to 16 characters ' 

Only 0~9, A~Z, +, — , /, (, ), &, ©, . (period), and , (comma) are usable. 
4 : If the Mitsubishi logo A is not required, check the box on the right. AMitsubishi logo is not required 



C. Special Mark Required 

@ nnonnnnnnnririn nnjx ® 



© 



uuuuuuuuuuuuuuuu® 

Notel : If the special mark is to be printed, indicate the desired layout of the mark in the upper figure. The layout will 
be duplicated as close as possible. Mitsubishi lot number (6-digit) and mask ROM number (3-digit) are al- 
ways marked. 

2 : If the customer's trade mark logo must be used in the special mark, check the box below. Please submit a 
clean original of the logo. 

For the new special character fonts a clean font original (ideally logo drawing) must be submitted. 

Special logo required 



The standard Mitsubishi font is used for all characters except for a logo. 



□ 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



42P4B (42-PIN SHRINK DIP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name 



Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

A. Standard Mitsubishi Mark 

© nnnnnnnnnnnnnnnnnnnnn © 



Mitsubishi lot 
number (6-digit) 



Mitsubishi IC catalog name 



©uuuuuuuuuuuuuuuuuuuuu 

B. Customer's Parts Number + Mitsubishi Catalog Name 

©nnn n n nnnnnnn n nnnn nn n n,® 





































Mitsubishi lot 
number (6-digit) 



©UUUUUUUUUUUUUUUUUUUUI 



- Customer's parts number 
Note : The fonts and size of characters 

are standard Mitsubishi type. 
Mitsubishi IC catalog name 



Notel : The mark field should be written right aligned. 

2 : The fonts and size of characters are standard Mitsubishi type. 

3 : Customer's parts number can be up to 15 characters '. 

Only 0~9, A— Z, -f- f — , /, (, ), &, ©, . (period), and , (comma) are usable. 

4 : If the Mitsubishi logo A is not required, check the box on the right. AMitsubishi logo is not required 

C. Special Mark Required 



©nnnnnnnnnnnnnnnnnnnnn 




□ 



©UUUUUUUUUUUUUUUUUUUUU® 



Notel : If the special mark is to be printed, indicate the desired layout of the mark in the upper figure. The layout will 
be duplicated as Close as possible. Mitsubishi lot number (6-digit) and mask ROM number (3-digit) are al- 
ways marked. 

2 : If the customer's trade mark logo must be used in the special mark, check the box below. Please submit a 
clean original of the logo. 

For the new special character fonts a clean font original (ideally logo drawing) must be submitted. 

Special logo required 

The standard Mitsubishi font is used for all characters except for a logo. j j 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



44P6N (44-PIN QFP) MARK SPECIFICATION FORM 



Mitsubishi IC catalog name 



Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 



A. Standard Mitsubishi Mark 



Mitsubishi lot 
number (6-digit) 



r -Mitsubishi IC catalog name 



B. Customer's Parts Number + Mitsubishi Catalog Name 




Customer's parts number 

Note : The fonts and size of characters are standard 
Mitsubishi type. 

r~ Mitsubishi IC catalog name and Mitsubishi lot number 

J Note4 : If the Mitsubishi logo A is not required, check 

the box below. 

A Mitsubishi logo is not required 



® 



Notel : The mark field should be written right aligned. 

2: The fonts and size of characters are standard 
Mitsubishi type. 

3 : Customer's parts number can be up to 7 charac- 
ters i 

Only 0~9, A~Z, +, - /, 
and , (comma) are usable. 

C. Special Mark Required 



(. ),&. 



. (period), 




Notel : If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 
2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 



The standard Mitsubishi font is used for all char- 
acters except for a logo. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



50P6 (50-PIN QFP) MARK SPECIFICATION FORM 



Mitsubishi IC catalog name 



Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

A. Standard Mitsubishi Mark 



I 



Mitsubishi lot 
number (6-digit) 



-Mitsubishi IC catalog name 



Customer's Parts Number + Mitsubishi 
Catalog Name 




— Customer's parts number 
Note: The fonts and size 

Mitsubishi type. 

— Mitsubishi IC catalog name 



of characters are standard 



Notel : The mark field should be written right aligned. 
2 : The fonts and size of characters are standard 

Mitsubishi type. 
3 : Customer's parts number can be up to 9 charac- 
ters ' 

Only 0-9, A~Z, +, /, (, ), &, ©, . (period), 
and , (comma) are usable. 
4 : If the Mitsubishi logo A is not required, check 
the box below. 

AMitsubishi logo is not required 



□ 



C. Special Mark Required 



CD 



Notel : If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 
2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 



The standard Mitsubishi font is used for all char- 
acters except for a logo. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



52P4B (52-PIN SHRINK DIP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name 



Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 



A. Standard Mitsubishi Mark 

) nnnnnnnnnnnnnn nnnnnnnnnnnn^) 





Mitsubishi lot number (6-digit) 


A 



-Mitsubishi IC catalog name 



) UUUUUUUUUUUUUUUUU UUUUUUUUU@ 



B. Customer's Parts Number + Mitsubishi Catalog Name 

©nnnnnnnnnnnnnnnnnnnnnnnnnn 



Mitsubishi lot number (6-digit) 



w | — Customer's parts number 

! Note : The fonts and size of characters 

are standard Mitsubishi type. 
Mitsubishi IC catalog name 



©uuuuuuuuuuuuuuuuuuuuuuuuuu 

Notel : The mark field should be written right aligned. 

2 : The fonts and size of characters are standard Mitsubishi type. 
3 : Customer's parts number can be up to 18 characters I 

Only 0~9, A~Z, +, — , /, (, ), &, ©, . (period), and , (comma) are usable. 
4 : If the Mitsubishi logo A is not required, check the box on the right. AMitsubishi logo is not required 



C. Special Mark Required 

'nnnnnnnnnnnn nnnnnnrinnrinnnnj a 



□ 



.UUUUUUUUUUUUUUUUUUUUUUUUUU © 

Notel : If the special mark is to be printed, indicate the desired layout of the mark in the upper figure. The layout will 
be duplicated as close as possible. Mitsubishi lot number (6-digit) and mask ROM number (3-digit) are al- 
ways marked. 

2 : If the customer's trade mark logo must be used in the special mark, check the box below. Please submit a 
clean original of the logo. 

For the new special character fonts a clean font original (ideally logo drawing) must be submitted. 

Special logo required 



The standard Mitsubishi font is used for all characters except for a logo. 



□ 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



56P6N (56-PIN QFP) MARK SPECIFICATION FORM 



Mitsubishi IC catalog name 



Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 



A. Standard Mitsubishi Mark 



CD 



Mitsubishi lot 
number (6-digit) 



r~ Mitsubishi IC catalog name 



'<E> 



B. Customer's Parts Number + Mitsubishi Catalog Name 



3d 

333 



'-- Customer's parts number 

l Note : The fonts and size of characters are standard 
Mitsubishi type. 

r~ Mitsubishi IC catalog name and Mitsubishi lot number 



CD 



Notel : The mark field should be written right aligned. 
2 : The fonts and size of characters are standard 

Mitsubishi type. 
3 : Customer's parts number can be up to 11 char- 
acters I 

Only 0-9, A~Z, +, - /, (, ), &, ©, . (period), 
and , (comma) are usable. 



C. Special Mark Required 




Note4 : If the Mitsubishi logo A is not required, check 
the box below. 

A Mitsubishi logo is not required 

□ 

5 : Arrangement of Mitsubishi IC catalog name and 
Mitsubishi lot number is dependent on number 
of Mitsubishi IC catalog name and that Mitsu- 
bishi logo X is required or not. 

Notel : If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 
2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 



□ 



The standard Mitsubishi font is used for all char- 
acters except for a logo. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



60P6 (60-PIN QFP) MARK SPECIFICATION FORM 



Mitsubishi IC catalog name 



Please choose one of the marking types below (A, B, C), and enter the Mitsubishi 1C catalog name and the special 
mark (if needed). 



A. Standard Mitsubishi Mark 



Mitsubishi lot 
number (6-digit) 



B. Customer's Parts Number + Mitsubishi 
Catalog Name 



(2) 



Mitsubishi lot 
number (6-digit) 



-Mitsubishi IC catalog name 



i Customer's Parts Number 

Note : The fonts and size of characters are standard 
Mitsubishi type., 
i — Mitsubishi IC catalog name 



Notel : The mark field should be written right aligned. 

2 : The fonts and size of characters are standard 
Mitsubishi type. 

3: Customer's parts number can be up to 12 char- 
acters '. 

Only 0-9, A~Z, +, -, /, (, ), &, ©, . (period), 
and , (comma) are usable. 
4 : If the Mitsubishi logo A is not required, check 
the box below. 

A Mitsubishi logo is not required 



C. Special Mark Required 




Notel : If the Special Mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 
2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 



The standard Mitsubishi font is used for all char- 
acters except for a logo. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



64P4B (64-PIN SHRINK DIP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name 



Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

A. Standard Mitsubishi Mark 

« nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 



D 





Mitsubishi lot 
number (6-digit) 


A 



©IIUUUUUUUUUUUUUUIJUUUUUUUUUUUUUUUU' 



Mitsubishi IC catalog name 



B. Customer's Parts Number + Mitsubishi Catalog Name 



5 



anna 



Mitsubishi lot 
number (6-digit) 



- Customer's parts number 
Note : The fonts and size 
of characters are 
standard Mitsubishi 
type. 

Mitsubishi IC catalog name 



0 llUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU@ 
Notel : The mark field should be written right aligned. 

2 : The fonts and size of characters are standard Mitsubishi type. 
3 : Customer's parts number can be up to 19 characters : 

Only 0—9, A~Z, +, -, /, (, ), &, ©, . (period), and , (comma) are usable. 
4 : If the Mitsubishi logo A is not required, check the box on the right. 



C. Special Mark Required 

^ nnnnnnnnnnnnnnnmn nnnrinnnnnnnnnn 



A Mitsubishi logo is not required 

□ 



01IUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU® 
Notel : If the special mark is to be printed, indicate the desired layout of the mark in the upper figure. The layout will 
be duplicated as close as possible. Mitsubishi lot number (6-digit) and mask ROM number (3-digit) are al- 
ways marked. 

2 : If the customer's trade mark logo must be used in the special mark, check the box below. Please submit a 
clean original of the logo. 

For the new special character fonts a clean font original (ideally logo drawing) must be submitted. 

Special logo required 



The standard Mitsubishi font is used for ail characters except for a logo. 



□ 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



64P6N (64-PIN QFP) MARK SPECIFICATION FORM 



Mitsubishi IC catalog name 



Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

A. Standard Mitsubishi Mark 



an 



Mitsubishi lot 
number (6-digit) 



-Mitsubishi IC catalog name 



an 



0 

B. Customer's Parts Number + Mitsubishi Catalog Name| 



an 
rrr~ 



3D 
3D 

Tn 

ZHO 
3D 



i — Customer's parts number 

Note : The fonts and size of characters are standard 
Mitsubishi type, 
p- Mitsubishi IC catalog name 

Note3 : Customer's parts number can be up to 10 char- 
acters : 

Only 0-9, A~Z, +, -, /, (, ), &, ©, . (period), 
and , (comma) are usable. 
• 4 : If the Mitsubishi logo A is not required, check 
the box below. 

AMitsubishi logo is not required 



©I 



Notel 

2: 



: The mark field should be written right aligned. 
: The fonts and size of characters are standard 
Mitsubishi type. (The character size became 
smaller than A (standard Mitsubishi mark) type) 
C. Special Mark Required 




5 : Arrangement of Mitsubishi IC catalog name and 
Mitsubishi lot number is dependent on number 
of Mitsubishi IC catalog name and that Mitsu- 
bishi logo A is required or not. 

Notel : If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 
2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 



The standard Mitsubishi font is used for all char- 
acters except for a logo. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



64P6S (64-PIN QFP) MARK SPECIFICATION FORM 



Mitsubishi IC catalog name 

Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 



A. Standard Mitsubishi Mark 



Mitsubishi lot 
number (6-digit) 



I Mitsubishi IC catalog name 



L I 



©! 

B. Customer's Parts Number + Mitsubishi 
Catalog Name 



Mitsubishi lot 
number (6-digit) 



Notel : The mark field should be written right aligned. 
2 : The fonts and size of characters are standard 
Mitsubishi type. (The character size become 
smaller than A (standard Mitsubishi mark) type) 



-- Customer's Parts Number 

Note : The fonts and size of characters are standard 
Mitsubishi type. 

-- Mitsubishi IC catalog name and Mitsubishi lot number 

Note3 : Customer's parts number can be up to 1 1 char- 
acters 1 

Only 0-9, A~Z, +, -, /, (, ), &, ©, . (period), 
and , (comma) are usable. 
4 : If the Mitsubishi logo A is not required, check 
the box below. 

A Mitsubishi logo is not required 



□ 



C. Special Mark Required 




5 : Arrangement of Mitsubishi IC catalog name and 
Mitsubishi lot number is dependent on number 
of Mitsubishi IC catalog name and that Mitsu- 
bishi logo A is required or not. 

Notel : If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 
2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 



□ 



The standard Mitsubishi font is used for all char- 
acters except for a logo. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



64P6W (64-PIN QFP) MARK SPECIFICATION FORM 



Mitsubishi IC catalog name 

Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 



A. Standard Mitsubishi Mark 



Mitsubishi lot 
number (6-digit) 



-Mitsubishi IC catalog name 



B. Customer's Parts Number + Mitsubishi Catalog Name 



Mitsubishi lot 
number (6-digit) 



©I 

Notel : The mark field should be written right aligned. 
2 : The fonts and size of characters are standard 
Mitsubishi type. 



--Customer's parts number 

Note : The fonts and size of characters are standard 
Mitsubishi type. 
— Mitsubishi IC catalog name 

Note3 : Customer's parts number can be up to 12 char- 
acters I 

Only 0-9, A~Z, + , -, /, (, ), &, ©, ■ (period), 
and , (comma) are usable. 
4 : If the Mitsubishi logo A is not required, check 
the box below. 

^Mitsubishi logo is not required 



□ 



C. Special Mark Required 




Notel : If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 
2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 



□ 



The standard Mitsubishi font is used for all char- 
acters except for a logo. 



MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



72P6 (72-PIN QFP) MARK SPECIFICATION FORM 



Mitsubishi IC catalog name 



Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 



A. Standard Mitsubishi Mark 




-Mitsubishi IC catalog name 



B. Customer's Parts Number + Mitsubishi 
Catalog Name 



























A 




Mitsubishi lot 
number (6-digit) 




I 



Customer's parts number 

Note : The fonts and size of characters are standard 
Mitsubishi type. 
I Mitsubishi IC catalog name 

Notel : The mark field should be written right aligned. 
2 : The fonts and size of characters are standard 

Mitsubishi type. 
3 : Customer's Parts Number can be up to 12 char- 
acters '. 

Only 0-9, A~Z, +, -, /, (, ), &, ©, .(period), 
and , (comma) are usable. 
4 : If the Mitsubishi logo A is not required, check 
the box below. 

AMitsubishi logo is not required 



C. Special Mark Required 



Notel 




If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 
If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 



□ 



The standard Mitsubishi font is used for all char- 
acters except for a logo. 



MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



80P6 (80-PIN QFP) MARK SPECIFICATION FORM 



Mitsubishi IC catalog name 

Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 



A. Standard Mitsubishi Mark 



1<8> 



Mitsubishi lot 
number (6-digit) 



= Mitsubishi IC catalog name 



B. Customer's Parts Number + Mitsubishi Catalog Name 



Mitsubishi lot 
number (6-digit) 



Customer's parts number 

Note : The fonts and size of characters are standard 
Mitsubishi type. 
r - Mitsubishi IC catalog name 



I 



Notel : The mark field should be written right aligned. 
2 : The fonts and size of characters are standard 
Mitsubishi type. 



Note3 : Customer's parts number can be up to 14 char- 
acters : 

Only 0~9, A~Z, + , -, /, (, ), &, ©, . (period), 
and , (comma) are usable. 
4 : If the Mitsubishi logo A is not required, check 
the box below. 

A Mitsubishi logo is not required 



C. Special Mark Required 




Notel : If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 
2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 

□ 

The standard Mitsubishi font is used for all char- 
acters except for a logo. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



80P6N (80-PIN QFP) MARK SPECIFICATION FORM 



Mitsubishi IC catalog name 



Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 



A.. Standard Mitsubishi Mark 

















Mitsubishi lot 






number (6-digit) 









-Mitsubishi IC catalog name 



B. Customer's Parts Number + Mitsubishi Catalog Name 



Mitsubishi lot 
number (6-digit) 




Customer's parts number 
Note : The fonts and size 

Mitsubishi type. 
Mitsubishi IC catalog name 



of characters are standard 



©I 

Notel : The mark field should be written right aligned. 
2 : The fonts and size of characters are standard 
Mitsubishi type. 

C. Special Mark Required 



Note3 : Customer's parts number can be up to 14 char- 
acters 

Only 0-9, A~Z, + , -, /, (, ), &, ©, . (period), 
and , (comma) are usable. 
4 : If the Mitsubishi logo A is not required, check 
the box below. 

AMitsubishi logo is not required 



□ 




Notel : If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 
2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 



□ 



The standard Mitsubishi font is used for all char- 
acters except for a logo. 



MITSUBISHI 
l ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



80P6S (80-PIN QFP) MARK SPECIFICATION FORM 



Mitsubishi IC catalog name 



Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 



A. Standard Mitsubishi Mark 



Mitsubishi lot 
number (6-digit) 



Mitsubishi IC catalog name 



J 



B. Customer's Parts Number + Mitsubishi 
Catalog Name 



r" 



Mitsubishi lot 
number (6-digit) 




Customer's parts number 

Note : The fonts and size of characters are standard 

Mitsubishi type. 
Mitsubishi IC catalog name 

Note3 : Customer's parts number can be up to 10 char- 
acters ' 

Only 0-9, A~Z, +, /, (, ), &, ©, . (period), 
and , (comma) are usable. 
4 : If the Mitsubishi logo A is not required, check 
the box below. 

A Mitsubishi logo is not required 



o 



Hotel : The mark field should be written right aligned. 
2 : The fonts and size of characters are standard 
Mitsubishi type. (The character size become 
smaller than A (standard Mitsubishi mark) type) 

C. Special Mark Required 




5 : Arrangement of Mitsubishi IC catalog name and 
Mitsubishi lot number is dependent on number 
of Mitsubishi IC catalog name and that Mitsu- 
bishi logo A is required or not. 

Notel : If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 
2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 



Special logo required 



□ 



The standard Mitsubishi font is used for all char- 
acters except for a logo. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



84P0 (84-PIN PLCC) MARK SPECIFICATION FORM 



Mitsubishi IC catalog name 



Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

A. Standard Mitsubishi Mark 




Mitsubishi IC catalog name 



B. Customer's Parts Number + Mitsubishi Catalog Name 



nn npfinnnnr.niini-innr- 



Mitsubishi lot 
number (6-digit) 



-Customer's parts number 
Note : The fonts and size of characters are standard 
Mitsubishi type. 
-Mitsubishi IC catalog name 

Note3 : Customer's parts number can be up to 16 char- 
acters .' 

Only 0-9, A~Z, + , -, /, (, ), &, ©, . (period), 
and , (comma) are usable. 
4 : If the Mitsubishi logo A is not required, check 
the box below. 

A Mitsubishi logo is not required 



□ 



Notel : The mark field should be written right aligned. 
2 : The fonts and size of characters are standard 
Mitsubishi type. (The character size become 
smaller than A (standard Mitsubishi mark) type) 
C. Special Mark Required 



y nn nnnnn 




5 : Arrangement of Mitsubishi IC catalog name and 
Mitsubishi lot number is dependent on number 
of Mitsubishi IC catalog name and that Mitsu- 
bishi logo A is required or not. 

Notel : If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 
2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 



□ 



The standard Mitsubishi font is used for all char- 
acters except for a logo. 



A MITSUBISHI 
ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



100P6S (100-PIN QFP) MARK SPECIFICATION FORM 



Mitsubishi IC catalog name 



Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

A. Standard Mitsubishi Mark 



Mitsubishi lot 
number (6-digit) 



Mitsubishi IC catalog name 



® 



r 



B. Customer's Parts Number + Mitsubishi Catalog Name 































A 




Mitsubishi lot 
number (6-digit) 



-Customer's parts number 
Note : The fonts and size 

Mitsubishi type. 
Mitsubishi IC catalog name 



of characters are standard 



(D 



Notel : The mark field should be written right aligned. 
2 : The fonts and size of characters are standard 
Mitsubishi type. 
C. Special Mark Required 



Note3 : Customer's parts number can be up to 14 char- 
acters '. 

Only 0-9, A~Z, +, -, /, (, ), &, ©, . (period), 
and , (comma) are usable. 
4 : If the Mitsubishi logo A is not required, check 
the box below. 

AMitsubishi logo is not required 



□ 



Notel 




If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 
If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 



The standard Mitsubishi font is used for all char- 
acters except for a logo. 
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CONTACT ADDRESSES FOR FURTHER INFORMATION 



JAPAN = 

Semiconductor Marketing Division 
Mitsubishi Electric Corporation 
2-3, Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100, Japan 
Telex 24532 MELCO J 

Telephone: (03)3218-3473 
(03) 3218-3499 
Facsimile: (03) 3214-5570 

Overseas Marketing Manager 

Kita-ltami Works 

4-1, Mizuhara, Itami-shi, 

Hyogo-ken 664, Japan 

Telex: 526408 KMELCO J 

Telephone: (0727)82-5131 

Facsimile. (0727) 72-2329 

HONG KONG ====== 

Mitsubishi Electric (H.K ) Ltd. 
41st fl., Manulife Tower, 169, 
Electric Road, North Point, Hong Kong 
Telex: 60800 MELCO HX 
Telephone- 510-0555 
Facsimile. 510-9830,510-9822, 
510-9803 

SINGAPORE = 

MELCO SALES SINGAPORE PTE, 
LTD. 

307 Alexandra Road #05-01/02 
Mitsubishi Electric Building 
Singapore 0315 
Telex: RS 20845 MELCO 

Telephone: 4732308 
Facsimile: 4738944 

TAIWAN = 

MELCO-TAIWAN CO., Ltd. 
1st fl., Chung-Ling Bldg , 
363, Sec. 2, Fu-Hsing S Road, 
Taipei R.O.C. 
Telephone: (02) 735-3030 
Facsimile: (02) 735-6771 
Telex: 25433 CHURYO "MELCO- 

TAIWAN" 

U.S.A. ========= 

NORTHWEST 

Mitsubishi Electronics America, Inc. 
1050 East Arques Avenue 
Sunnyvale, CA 94086 
Telephone: (408) 730-5900 
Facsimile: (408) 730-4972 

SAN DIEGO 

Mitsubishi Electronics America, Inc. 
16980 Via Tazon, Suite 220 
San Diego, CA 92128 
Telephone: (619)451-9618 
Facsimile: (619)592-0242 

DENVER 

Mitsubishi Electronics America, Inc. 
4600 South Ulster Street 
Metropoint Building, 7th Floor 
Denver, CO 80237 
Telephone: (303) 740-6775 
Facsimile (303)694-0613 



SOUTHWEST 

Mitsubishi Electronics America, Inc. 
991 Knox Street 
Torrance, CA 90502 
Telephone: (213)515-3993 
Facsimile: (213)217-5781 

SOUTH CENTRAL 

Mitsubishi Electronics America, Inc 
1501 Luna Road, Suite 124 
Carrollton, TX 75006 
Telephone: (214)484-1919 
Facsimile- (214)243-0207 

NORTHERN 

Mitsubishi Electronics America, Inc. 
15612 Highway 7 #243 
Minnetonka, MN 55345 
Telephone: (612)938-7779 
Facsimile: (612)938-5125 

NORTH CENTRAL 

Mitsubishi Electronics America, Inc. 
800 N. Bierman Circle 
Mt. Prospect, IL 60056 
Telephone: (312) 298-9223 
Facsimile. (312)298-0567 

NORTHEAST 

Mitsubishi Electronics America, Inc 
200 Unicorn Park Drive 
Woburn, MA 01801 
Telephone: (617)932-5700 
Facsimile: (617)938-1075 

MID-ATLANTIC 

Mitsubishi Electronics America, Inc 
800 Cottontail Lane 
Somerset, NJ 08873 
Telephone: (201)469-8833 
Facsimile: (201)469-1909 

SOUTH ATLANTIC 

Mitsubishi Electronics America, Inc. 
2500 Gateway Center Blvd., Suite 300 
Morrisville. NC 27560 
Telephone: (404) 368-4850 
Facsimile: (404) 662-5208 

SOUTHEAST 

Mitsubishi Electronics America, Inc 
Town Executive Center 
6100 Glades Road #210 
Boca Raton, FL 33433 
Telephone: (407) 487-7747 
Facsimile- (407) 487-2046 

CANADA 

Mitsubishi Electronics America, Inc. 
6185 Ordan Drive, Unit #110 
Mississauga, Ontario, Canada L5T 2E1 
Telephone: (416)670-8711 
Facsimile: (416)670-8715 

Mitsubishi Electronics America, Inc 
300 March Road, Suite 302 
Kanata, Ontario, Canada K2K 2E2 
Telephone- (416)670-8711 
Facsimile: (416)670-8715 



GERMANY — = 

Mitsubishi Electric Europe GmbH 

Headquarters 

Goth ear Str 8 

4030 Ratingen 1 , Germany 

Telex: 8585070 MED D 

Telephone (02102)4860 

Facsimile: (021 02) 486-1 1 5 

Munich Office. 
Arabellastrafte 31 
8000 Munchen 81, Germany 
Telex: 5214820 
Telephone: (089)919006-09 
Facsimile: (089)9101399 

FRANCE = 

Mitsubishi Electric Europe GmbH 
55, Avenue de Colmar 
92563 Rueil Malmaison Cedex 
Telex: 632326 
Telephone- 47087871 
Facsimile: 47513622 

ITALY ========== 

Mitsubishi Electric Europe GmbH 
Centro Direzionale Colleoni 
Palazzo Cassiopea 1 
20041 Agrate Brianza l-Milano 
Telephone: (039) 63601 1 
Facsimile: (039) 63601 20 

SWEDEN = 

Mitsubishi Electric Europe GmbH 
LastbilsvBgen 6B 
5-19149 Sollentuna, Sweden 
Telex: 10877 (meab S) 

Telephone: (08)960468 
Facsimile- (08) 966877 

U.K. 

Mitsubishi Electric (U K.) Ltd. 

Travellers Lane 

Hatfield 

Herts AL10 8XB, England, U K 
Telephone- (0044) 7072 76100 
Facsimile (0044) 7072 78692 

AUSTRALIA = 

Mitsubishi Electric Australia Pty. Ltd 
348 Victoria Road 
Rydalmere Nsw 2116, Australia 
Private Bag No.2 Rydalmere Nsw 2116 
Telex. MESYDAA 126614 

Telephone (02)684-7200 
Facsimile: (02) 638-7072 
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